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Introduction and Summary 


Monitoring audiometry is an_ essential 
feature of any effective conservation of 
hearing program. This paper explains the 
medical principles on which monitoring 
audiometry is based and outlines a general 
plan for medical disposition of cases of 
hearing loss that is consistent with these 
principles. 

This general plan was developed for the 
Armed Forces but is suitable also for indus- 
trial organizations both large and small. 
Certain features of the plan are flexible and 
can be adjusted to the needs of the particular 
organization. 

The objectives of monitoring audiometry 
and the medical disposition associated with 
it are as follows: 


1. The identification and treatment of those 
cases of hearing loss that are amenable to 
treatment, particularly those losses that are 
not due to noise exposure 
The prevention of 
hearing loss 


significant noise-induced 


The proper care, protection, and utilization 
of those who do incur hearing loss from any 
cause 


The elements of a general plan for mon- 
itoring and disposition are the following: 


1. Establish reference audiograms on all per- 
sonnel who have been or are to be assigned to 
duty that involves hazardous noise-exposure. 
Establish monitoring audiometery as a fol- 
low-up routine. 


Establish a tentative set of monitor limits 
of hearing at which referral to a diagnostic 
center or to a qualified otologist becomes 
mandatory. These limits need not necessarily 
be the same in different organizations and 
in different situations, and they may be re- 
viewed periodically. 


Armed Forces-National Research Council Com- 
mittee on Hearing and Bio-Acoustics. 
members of this group were as follows: R. Car- 


The other 


hart, A. Glorig, T. Hanks, I. J. Hirsh, J. R. 
Lindsay, W. A. Roseblith; Lieut. Col. J. C. Car- 
michael (MSC), U. S. A. F., C. M. Kos, Lieut. 
Col. R. N. Kraus (MC), U. S. A. F., Lieut. Col. 
C. N. Moss (MC), U. S. A. F.; Col. J. R. Hall 
(MC), U. S. Army, Col. C. B. Meador (MC), 
U. S. Army, Capt. B. D. Casteel (MC), U. S. N., 
and Lt. J. E. Rasmussen, U. S. N. 
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Screen out those cases of hearing loss that 
are due to identifiable and remediable causes. 


. Handle locally all remediable cases of hearing 
loss, including wax in the ear, infection, and 
temporary noise-induced hearing loss. 
Reindoctrinate with the use of personal pro- 
tective devices all persons who seem to have 


suffered temporary noise-induced threshold 
shift. 


Refer to a diagnostic center or qualified 
otologist the cases of unexplained persistent 
hearing loss that exceed the established 
monitor limits. The possibility of aggrava- 
tion by exposure to noise must be decided by 
competent medical authority. 


Return to duty and take advantage of the 
special training and talents of those individuals 
whose elevated hearing levels cause no prac- 
tical disability or whose hearing impairments 
are of a type that is not likely to be ag- 
gravated by exposure to noise. 

The four central features of the general 
plan are (1) reference audiograms, (2) 
routine monitoring audiometry, (3) a diag- 
nostic center or available qualified otologist, 
and (4) “monitor limits” of hearing that 
make referral to such medical authority 
mandatory. These features form an inte- 
grated whole and all must be adequately 
provided for in any general plan. These and 
other relevant terms and concepts, such as 
“temporary noise-induced threshold shift,” 
and the way in which the features depend 
on one another and on fundamental medical 
principles are explained in the body of this 
report. 

The requirements for reference audio- 
grams and for monitoring audiometry are 
clear and quite uniform. In many industrial 
situations the equivalent of a diagnostic 
center miay be simply a properly qualified 
otologist. In a large conservation of hearing 
program the establishment of otological 
diagnostic centers and the definition of their 
requirements and responsibilities may in- 
volve far-reaching policy decisions. 

The “monitor limits” of hearing can and 
should be adjusted to give the best compro- 
mise between the availability of diagnostic 
centers or a qualified otologist, of other 
personnel, of transportation, etc., and the 
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MONITORING AUDIOMETRY 


desired degree and assurance of conserva- 
tion of hearing. 

The general use of the term “threshold 
hearing level” or simply “hearing level” in- 
stead of “hearing loss” to designate the 
reading on an audiometer, and of the term 
“threshold shift” instead of “hearing loss” 
to designate a reduction in the sensitivity of 
hearing (an elevation of threshold) will 
reduce confusion in the discussion of mon- 
itoring audiometry and in medicolegal prob- 
lems. “Hearing loss” may still properly be 
used to designate the symptom of impaired 
hearing. 


Background and Purpose 


Conservation of hearing is now a recog- 
nized medical objective both in industry and 
in the Armed Forces, particularly where 
habitual hazardous noise-exposure causes 
the risk of permanent noise-induced hear- 
ing loss. 

A “Guide for Conservation of Hearing in 
Noise’! is now available and also a data 
card? for use in conservation of hearing 
programs. 

The reality of the risk of noise-induced 
hearing loss has been established,* and 
efforts are being made to specify useful 
criteria for noise-exposure. Even if conser- 
vation criteria are established, however, 
monitoring audiometry is and will remain 
an essential feature of any complete conser- 
vation of hearing program. The need for 
monitoring audiometry in the Armed Forces 
and its relation to other forms of audiom- 
etry are explained in full elsewhere.* 

Important features of monitoring audiom- 
etry are the medical principles on which 
it is based and, in particular, the problem 
of so-called “medical disposition” of cases 
who are found by monitoring audiometry 
to have some impairment of hearing. 

The present paper undertakes to explain 
and discuss the relevant medical principles in 
the framework of a general plan for mon- 
itoring audiometry that is suitable for any 
organization large or small. It is hoped that 
the discussion will assist those who must 
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make the initial policy and administrative 
decisions, those who must carry out the 
routine of monitoring audiometry, and per- 
haps even those medical specialists who must 
be responsible ultimately for the final de- 
cisions in each individual case. 

Part of a conservation of hearing pro- 
gram is to measure, as a matter of routine, 
the hearing of each person who is habitually 
exposed to very loud noise. But what should 
be done about the man whose hearing is 
poor? In technical language, what “disposi- 
tion” should be made of the case? In order 
to answer this question we must in turn 
ask what is the nature of each individual 
hearing loss. Could it reasonably have been 
caused by noise exposure, or is it due to 
another cause? Then decisions must be made 
as to whether it is safe and proper to assign 
this man to work that involves hazardous 
noise-exposure, and whether he should be 
removed from such an environment if that 
is where he is already working. 

The answers to these questions require 
certain basic decisions and also the formu- 
lation of certain policies concerning the 
disposition of persons who have hearing 
losses, with or without previous noise ex- 
posure. The decisions and policies involve 
certain medical principles, but they are by 
no means entirely medical in character. 

The objectives of medical disposition are 
as follows: 

1. The identification and treatment of those 

cases of hearing losses that are amenable 


to treatment, particularly those hearing losses 
that are not due to noise exposure 


2. The prevention of significant noise-induced 
hearing loss 


3. The proper care, protection, and utilization of 
those who do incur hearing loss from any 
cause 


More specifically, “proper utilization” 
implies first, the return of personnel, par- 
ticularly trained personnel, to duty when- 
ever possible, but with due regard for the 
risk of a further permanent and significant 
disability of hearing; second, full exploita- 
tion of personal protective devices, and third, 
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removal of personnel from further hazard- 
ous noise explosure when risk of significant 
disability becomes too great. 

Protection of the individual from signif- 
icant noise-induced hearing loss or from 
further increase of such a loss if he has 
already incurred one is of course the central 
objective of a program for conservation of 
hearing. Protection is provided in several 
ways. First there are safety regulations 
which are based on criteria for exposure to 
intense noise. But in spite of such general 
regulations, complete safety for everyone for 
lifetime exposure without ear protection is 
biologically unreasonable, economically im- 
possible, and inconsistent with many present 
operational procedures or feasible protective 
measures. 

Because of these limitations the criteria 
for hazardous noise-ex posures and the safety 
regulations based upon them are statistical 
in nature. They aim to provide protection 
under certain specified circumstances for the 
large majority of, but not necessarily all, 
individuals. In writing criteria and regula- 
tions, certain characteristics of the noise 
must be assumed to be constant, but often 
they are not. Another reason that criteria 
and regulations are statistical and are not 
written to give absolute protection is that 
many of the protective devices or structures 
employed under such regulations require the 
active cooperation of the user to be effective. 
Another important reason is that individuals 
differ in their susceptibility to noise-induced 
hearing loss. 


Monitoring audiometry and proper med- 
ical disposition based on it are therefore 
essential accompaniments of safety criteria, 
regulations, and protective devices. Monitor- 
ing audiometry is a periodic measurement of 
hearing. It is a general protective routine 
like a routine physical examination. It is a 
“life net” that catches the exceptions, the 
accidental situations, and the statistical 
extremes of unusual susceptibility. Most 
criteria and regulations for hazardous noise- 
exposure are written with the explicit as- 
sumption that some kind of monitoring 
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audiometery will be employed. Monitoring 
audiometry has the added advantage that 
it will detect hearing loss in its early stages, 
not only hearing loss from exposure to 
noise, but from any cause. It is defined more 
precisely in a later section. 


Diagnostic audiometry is another indi- 
vidual procedure that is essential for proper 
medical and administrative disposition of 
each case. Diagnostic audiometry is not 
required as a routine procedure for every- 
one. It is used to assist in determining the 
exact nature and probable cause of a hear- 
ing loss once monitoring audiometry has 
detected a high hearing level or a threshold 
shift that exceeds certain preset limits. 


There are many causes of the hearing 
losses measured by audiometry. The com- 
mon causes * include the following: 

1. Dirt, wax, and/or acute infection of the 

external ear 
2. Structural middle ear conditions 

(a) Acute infection 

(b) Chronic infection 

(c) Residuals of infection 

(d) Otosclerosis 

(e) Other middle ear conditions 
3. Inner ear conditions involving the 

organ 

(a) Sudden acoustic trauma 

(b) Temporary noise-induced hearing loss 

(c) Persistent (chronic) noise-induced hear- 

ing loss 

(d) Presbycusis 

(e) Other inner ear conditions, including 

Méniére’s disease 


sense 


4. Nonaural conditions 
(a) Organic (brain tumor, cerebral injury, 
etc.) 
(b) Functional 
(c) Malingering, etc. 

Of course, correct diagnosis is the first 
step in proper medical disposition. A final 
diagnosis sometimes requires a variety of 
tests repeated over a period of time, but a 
primary practical separation is to distinguish 
the cases in which there is clear immediate 
evidence as to probable cause from those 
without such clear evidence. Conditions 
which give immediate evidence include (a) 


* Comments on some of these causes and types 
of hearing loss will be found on page 15. 
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conductive hearing loss due to dirt, impacted 
wax, or acute infection, and (b) temporary 
noise-induced hearing loss. 


Many compromises are required in any 
practical plan of medical disposition. Com- 
promises are necessary because there are al- 
ways conflicting considerations in any 
practical situation. These compromises may 
differ widely from one situation to another. 
On the basis of experience the necessary 
compromises may be made more efficient 
and economical in the future. 

Major considerations that are often, al- 
though not always, in apparent conflict are 
the following: 


1. The health and well-being of the individual 

2. In the Armed Forces, National Security, 
through the good of the service 

3. Cost of payments for disability 

4. Cost of protection and medical care of the 

individual, including medical equipment, 

transportation, administrative overhead, etc. 

The best use of limited medical and technical 

personnel 


In addition, specific compromises, based 
on cost and the availability of personnel, 
must be made in regard to the following: 

1. Frequency and timing of follow-up audio- 

grams 

2. Number of repeat audiograms required 

3. Required assignment to temporary non-noisy 

duty for diagnostic purposes 

4. The limits of hearing loss at which referral 

to a diagnostic center, or, in industrial situa- 
tions, to a qualified otologist, is mandatory 


New Terms and Concepts 


In dealing with problems of conservation 
of hearing, it is useful and, in fact, neces- 
sary to employ certain new terms and 
concepts. These include “monitoring audiom- 
etry,” “reference audiogram,” “hearing 
level,” “hazardous noise exposure,” “per- 
sistent hearing loss,” “single-frequency 
screening,” and “diagnostic center.” <A 
relatively new concept is the systematic use 
of the increase in hearing loss for high 
tones as in indicator of the danger of in- 
curring a loss of hearing for the lower and 
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It is 
implicitly recognized that the hearing for 
high tones above those necessary for the _ 
understanding of speech is partly “expend- 
able.” 


more important speech frequencies. 


Monitoring Audiometry. — Monitoring 
audiometry is intermediate between com- 
plete medically oriented diagnostic audiom- 
etry and the screening or pass-fail type of 
audiometry. (This will be published in 
full.t ) In monitoring audiometry hearing 
is tested only by air conduction and only 
over limited ranges of frequency and inten- 
sity, but the threshold of hearing is meas- 
ured with the same accuracy that is required 
in diagnostic audiometry. It is performed as 
a periodic routine examination, and, by re- 
vealing early changes in hearing, it alerts 
those responsible for the health, protection 
and well-being of the individual to the risk 
of more serious hearing losses. 


Reference Audiogram.—A _ reference 
audiogram is the one that has been made 
under certain specified conditions,} prefer- 
ably before assignment to any duty that in- 
volves hazardous noise exposure. It serves 
as the reference hearing level or base line 
from which to measure any changes in hear- 
ing that may occur later. 

The reference audiogram and its use in 
monitoring audiometry are pivotal concepts 
in an adequate program for conservation of 
hearing in noise. Minor changes in hearing 
can give warning of possible major perma- 
nent hearing losses, but they can be detected 
only if a base line or “reference audiogram” 
is established for each individual. 

Reference audiograms are needed for all 
personnel who are assigned to duty or 
training that involves hazardous noise ex- 
posure, The first task, in monitoring audi- 
ometry, is to make and specifically designate 
reference audiograms, if possible before the 
individuals have had any hazardous noise 
exposures. Reference audiograms are de- 
sirable, although not urgently required, for 
all military and industrial personnel, even 


+ See also pages 18-19 for more details. 
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those who will probably not incur hazardous 
noise-exposure. 

Reference audiograms must not be con- 
fused with “initial audiograms,” although 
the first audiogram made on an individual, 
if it is made under proper conditions, may 
be designated as his reference audiogram. 
If more than one audiogram has been made 
on an individual before he is assigned to 
duty that involves hazardous noise exposure, 
and particularly if the previous audiograms 
have been made at intervals of a year or 
more, the most recent rather than the initial 
audiogram should be designated as the refer- 
ence audiogram. On the other hand, more 
than one audiogram may have been made 
within a period of a month or two, Usually 
in such a case, the audiogram showing the 
better hearing for the frequencies necessary 
for the understanding of speech (the aver- 
age of hearing levels at 500, 1000, and 2000 
cps) should be chosen. The objective is to 
obtain a reliable, recent record of what is 
presumably the best hearing of the individ- 
ual in order to detect at a later time any 
changes in his hearing status. It is there- 
fore proper to be conservative and select 
the better, or best, rather than the arbitrary 
average, of two or more recent tests to be 
the reference audiogram for that individual. 

The reference audiogram will serve as a 
base line for an indefinite period of time, 
but after a person has acquired what seems 
clearly to be a persistent and probably per- 
manent hearing loss it is very important to 
review and, perhaps, to revise the reference 
audiogram. This revised reference audio- 
gram (and any subsequent revisions there- 
to) then becomes the new base line relative 
to which future changes will be measured. 


Revision of a reference audiogram is a 
serious responsibility and should be done 
only by a diagnostic center { or a qualified 
otologist. Furthermore, unless the revision 
is made merely to correct an obvious clerical, 
technical, or clinical error, it implies that a 
considered judgment has been passed on the 
hearing status of the individual, on the risk 


tSee pages 10-11. 
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to his hearing of continuing his customary 
noise exposures, and on the value and im- 
portance of his talents and abilities. Once 
that judgment has been made, however, it is 
unnecessary and inefficient to review the 
case again unless or until further significant 
changes in his hearing occur. It is in order 
to recognize the new changes more readily 
that the reference audiogram is revised. 

To be valid, all reference and monitoring 
audiograms must be obtained in a test en- 
vironment as quiet as or quieter than that 
recommended in the “Guide for Conserva- 
tion of Hearing in Noise”! or in the 
appropriate American Standard.® A _ very 
important rule is that, for persons whose 
work involves hazardous noise exposure, no 
reference audiogram can be made until at 
least 40 hours have elapsed since the end of 
the last exposure to noise. This rule is 
important, when a conservation of hearing 
program is initiated and men who are already 
habitually incurring hazardous noise ex- 
posures are to be tested, and also when a 
reference audiogram is to be revised. This 
time interval is necessary to minimize the 
error introduced by the “temporary thresh- 
old shifts” that are described in a later 
section, 


Hazardous Noise Ex posure.—The risk af 
noise-induced hearing loss is not related 
merely to the intensity of the noise but also 
to the length of exposure to it. Both the 
minutes or hours a day and the days per 
month are important. Also the hazard to 
hearing may be greatly reduced by the use 
of personal protective devices, such as ear 
plugs or ear muffs, which reduce the inten- 
sity of the exposure of the ear without 
reducing the noise itself as the acoustic 
engineer measures it. It is well, therefore, 
to speak of “hazardous noise exposure” and 
not of “hazardous noise.” Few noises in- 
deed, other than those of blasts and explo- 
sions, are hazardous by virtue of their 


intensity alone without a specification of 
duration. 


Hearing Level, Hearing Loss, and 
Threshold Shift—The familiar term “hear- 
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ing loss” includes three quite distinct con- 
cepts, and much confusion and many 
unnecessary have occurred in 
court rooms, in committee rooms, and in 


arguments 


clinics because of this semantic monstrosity. 
These three concepts are (1) the otological 
meaning—a symptom indicating an abnor- 
mal condition of hearing; (2) the audiologi- 
cal meaning—the status of hearing as 
measured by a reading in decibels on the 
hearing-loss dial of an audiometer, and (3) 
the common sense meaning—a change for 
the worse in the sensitivity of hearing. It 
has been particularly difficult in medico- 
legal situations to reconcile the second 
meaning with the other two and to explain 
that the normal range of hearing extends 
from a hearing loss of —10 to a hearing 
loss of +10 or +15 db. It is hard to 
convince a jury that a man can have a 
hearing loss of 10 db. when his hearing 
may actually never have changed at all. It 
has very difficult and cumbersome, 
also, in our own writing to distinguish 
clearly between the status of hearing, to 
which disability of hearing and physical 
standards for military duty, ete., are related, 
and a change in status of hearing, which 
is the central concept of monitoring audi- 
ometry. 


been 


We shall use, and we recommend for 
general usage, three different terms for 
three different although related meanings 
of “hearing loss.” 


1. “Hearing level” is the deviation in 
decibels of an individual’s threshold of 
hearing from the American Standard value 
for the reference zero for audiometers. 
This is a measure of the status of hearing. 
It is read directly on the “hearing loss’’ 
scale of an audiometer. To be completely 
explicit, we should say “threshold hearing 
level,” meaning “the number of decibels 
above the sound-pressure level that corre- 
sponds to the reference threshold of hear- 
ing.” In general, however, the shorter 
phrase “hearing level’ should be adequate. 

The military physical standards of ac- 
ceptable hearing and some of the “monitor 
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limits” that are to be described later are 
now stated in terms of “hearing loss,” but 
in accordance with the new usage here pro- 
posed they should be stated in terms of 
“hearing level.” 

“Hearing level” refers to a single meas- 
urement made with a standardized instrument 
and referred to an arbitrary zero reference 
level. Larger numbers indicate that more 
acoustic energy is needed to reach the 
threshold of hearing. The term is analogous 
to the physicist’s “sound pressure level.” 

doth specify a level relative to a reference 
level, but the reference for hearing level is 
different at different frequencies. 

The “speech hearing level” or 
“hearing level for speech” is a convenient 
designation for the average of the hearing 
levels for the frequencies necessary for the 
understanding of speech. 


term 


2. “Hearing loss’ will be used only to 
refer to the symptom of reduced auditory 
sensitivity, as in the phrases “conductive 
hearing loss,” “noise-induced hearing loss,” 
etc. These examples illustrate the otologist’s 
automatic concern with the question of the 
mechanism of a hearing loss, its cause, and 
its possible cure. “Hearing loss” for the 
otologist is the modern substitute for the 
old phrase “partial deafness” and means 
almost exactly the same thing as “auditory 
impairment.” It may also be used in a 
general way to refer to the process of losing 
auditory sensitivity, as in the phrase, “he 
suffered a hearing loss.”’ 

3. A “threshold shift” is the deviation 
in decibels from an individual’s own previ- 
ously established reference audiogram. It 
is a measure of change in the status of 
hearing. It is the term we shall usually 
employ instead of the more familiar “loss 
of hearing.” Unless otherwise specified, it 
is assumed that the shift of threshold is 
upward to a higher hearing level, meaning 
that the change in hearing is a change for 
the worse. A change for the better will 
usually be termed a “recovery.” 


ah 
| 
if 


It is very useful to distinguish “tempo- 
rary threshold shift” from “persistent 
threshold shift.” 

(a) A persistent threshold shift remains 
for at least two or three days after expo- 
sure to high intensity noise, and is a direct 
measure of the increase in hearing level. 

(b) A temporary threshold shift is the 
familiar elevation of the threshold of hear- 
ing that results from exposure to intense 
noise but which passes off within a few 
hours or at most two or three days. Some- 
times, to avoid any possible ambiguity, we 
shall speak of a “persistent elevation of 
hearing level,” but in general the shorter 
phrase “persistent threshold shift’ is clear 
enough. 


“Persistent” versus ‘“Permanent.”—In 
general it is desirable to follow the usage 
of the “Guide for Conservation of Hearing 
in Noise” and use the word “persistent” 
rather than “permanent” when referring 
to long-lasting threshold shifts. The word 
has undesired medicolegal 
connotations and in any case could not be 
applied to changes in hearing level that have 
persisted for only a week or two. Persistent 
increase in hearing level is distinguished 
from temporary threshold shift by the very 
practical rule that any noise-induced thresh- 
old shift produced by ordinary prolonged 
noise exposure (as opposed to a_ single 
blast) that lasts more than 40 hours after 
the last noise exposure is “persistent” for 
the purposes of monitoring audiometry. 
Some slight further improvement in hearing 
may occur after 40 hours but seldom is it 


“permanent” 


very much. 

Temporary threshold shift is very famil- 
iar and may reasonably be compared to 
severe muscular fatigue at the end of a 
day’s work. Recovery in a few hours or 
a day or two is the rule. The exact relation 
between this obviously temporary elevation 
in threshold and the slowly developing 
persistent or permanent residue is not 
known. 

The purpose of monitoring audiometry is 
to furnish protection, not to determine dis- 
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ability, and this leads to a liberal attitude 
toward the problem of permanency. Protec- 
tive action is justified if we know that most 
of a given (and sufficiently large) threshold 
shift is likely to be permanent. For com- 
pensation purposes, on the other hand, we 
would like to be sure that the new hearing 
status will truly be permanent. 

The Use of Threshold Shift as @ Cri- 
terion for Protection—Most, if not all, 
previous rules for medical disposition of 
cases of hearing loss have been based en- 
tirely on the absolute hearing status of the 
individual. It was argued that when the 
threshold of hearing reached a certain level 
a man could no longer perform his duty, 
and also that at a certain hearing level a 
small additional loss of hearing would 
bring with it a large additional handicap. 
Some authorities felt that a high hearing 
level also denoted a special sensitivity to 
injury by noise. All of these arguments are 
legitimate and all of them are recognized 
in the present set of principles for medical 
disposition, but a new principle has been 
added, namely, a persistent threshold shift 
(upward) may be a sign of injurious noise- 
exposure, and calls for protective action. 
The urgency for protection depends on 
the previous level of hearing shown by the 
reference audiogram, the amount of the 
persistent threshold shift, and the particular 
frequencies at which the shift has occurred. 
An ear with a persistently high hearing 
level induced by previous exposure to noise 
over a period of years is likely to show less 
threshold shift, either temporary or per- 
sistent, than a previously unexposed ear. 
Furthermore, as long as the elevation of 
threshold remains stable, it is clear that 
further noise exposure is not producing 
significant further injury. Finally, it is now 
well established that the frequencies above 
the range necessary for the understanding 
of speech are particularly vulnerable to 
noise-induced hearing loss, and until they 
show significant additional loss there is 
little or no risk of injury to hearing for 
the very important middle frequency range. 
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From the practical point of view, the 
actual sequence of specific tests necessary 
to establish a completely persistent elevation 
of threshold is complicated. So are the rules 
as to how much of such a persistent thresh- 
old shift at each frequency is allowable 
as a final upper limit beyond which protec- 
tive action or termination of noise exposure 
should be mandatory. Fortunately, however, 
the full, complicated procedure needs to be 
applied only to the small minority of men 
who, at any given time, actually will show 
significant changes from their reference 
audiograms. Simple procedures, such as 
single-frequency screening, should make it 
unnecessary to obtain full audiograms on 
the large majority of men whose hearing 
remains safely stable. 


Monitor Limits of Hearing Level and 
Threshold Shift—A “monitor limit” of 
hearing level is an arbitrary level at which 
referral to a diagnostic center or to a prop- 
erly qualified otologist is made mandatory. 
This limit is strictly for monitoring pur- 
poses and must not be confused with the 
physical standard for hearing that qualifies 
a man for full military service or with the 
lower limit for disability according to the 
Veterans’ Administration Standard. Moni- 
tor limits should be considered flexible, at 
least until they have been fully validated 
by experience. Monitor limits should be 
set low enough so that everyone with a 
persistent threshold shift will be referred 
to a diagnostic center or properly qualified 
otologist at least once before his loss be- 
comes severe enough to constitute a practical 
handicap. 

In addition to the monitor limits that are 
expressed as absolute hearing levels at 
various audiometric frequencies, there 
should be monitor limits set on the amount 
of persistent threshold shift relative to a 
When these limits 
are reached, referral to a diagnostic center 
should also be mandatory. The rules rela- 
tive to persistent threshold shift can to 
advantage include different allowable limits 
of threshold shift depending on the hearing 


reference audiogram. 
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level shown on the individual’s reference 
audiogram. 


High-Tone Hearing Is at Least Partly 
Expendable-—Hearing for frequencies 
above 3000 cps, particularly for 4000 and 
6000 cps, is much more vulnerable to per- 
sistent noise-induced hearing loss than is 
hearing for the lower frequencies. This is 
due not merely to the way in which energy 
is distributed along the frequency spectrum 
in most industrial noises. It certainly also 
expresses a biological characteristic of the 
human ear. Fortunately, the hearing of 
these high frequencies is relatively unim- 
portant, particularly for understanding 
speech. Speech can still be understood al- 
most perfectly when the frequencies above 
3000 cps are filtered out, so that hearing 
losses at 4000 cps and above entail no sig- 
nificant social or occupational handicap. To 
this extent they are “expendable,” and a 
person may reasonably elect to expend or 
to risk expending his high-tone hearing for 
either patriotic or motives, or 
even because of the inconvenience or dis- 


financial 


comfort of available protective measures. 
(Of course, speech contains frequencies up 
to at least 6000 cps, but the frequencies 
above 3000 cps are not necessary even for 
an almost perfect understanding of speech. 
There is thus an important difference be- 
tween “the speech frequencies” and “the 
frequencies necessary for the understanding 
of speech.” ) 

Conversely, criteria for hazardous noise- 
exposures may reasonably emphasize the 
protection of hearing for everyday speech. 
However, the loss of some of a man’s 
vulnerable, expendable high-tone hearing 
provides a very valuable indicator of the 
beginning of noise-induced hearing loss. 
This indicator can be employed in three 
ways in conservation of hearing: 

First, it is the best available indicator of any 
unusual susceptibility to injury by noise. An 
unusually rapid development of _ persistent 
threshold shift at 4000 cps can give warning 
in time that a particular man cannot tolerate 


exposure to high-intensity noise as well as his 
fellows and that he should therefore not be 
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trained for work that requires habitual ex- 
posure to such noise. 


Second, it allows assessment of the degree and 
rate of progress of cumulative persistent thres- 
hold shift over the years. It is a more accurate 
and reliable indicator than the much smaller 
changes at 1000 or 2000 cps. Thus protective 
measures or possible change of assignment can 
be initiated or deferred according to the actual 
measured progress of the condition. 


Third, the greater vulnerability of hearing at 
4000 cps makes single-frequency screening 
audiometry both valid and reliable. Fortunately 
other considerations make single-frequency 
screening practical and inexpensive also. 

Single-Frequency Screening.—An empiri- 
cal rule about hearing loss seems to be that 
hearing is very seldom worse for any fre- 
quency important for speech than it is for 
4000 cps, at least until the hearing loss at 
4000 cps is greater than 50 db. The gen- 
erality of this rule, at least for adults, has 
only very recently been realized. The rule 
enables monitoring audiometry to detect, 
by quick, routine tests at 4000 cps alone, 
the man who may have significant losses at 
other frequencies. Only for these men is 
it necessary to make complete monitoring 
audiograms. Those who pass the screening 
test can wait until their hearing level at 
4000 cps becomes so high that they can no 
longer hear the screening tone that previ- 
ously was audible. 

The use of single-frequency screening 
does not eliminate the need for reference 
audiograms or for full monitoring audio- 
grams. The reference audiogram is essen- 
tial in any case, and single-frequency 
screening is only a short cut that may show 
that a full audiogram may safely be de- 
ferred as unnecessary at the moment. But 
this will be the case for most persons, and 
thus the audiometric load of monitoring 
audiometry will be greatly reduced. The 
4000 cps screening test requires a calibrated 
instrument, but such an instrument is rela- 
tively very cheap and simple. Its use does 
not require an acoustic environment any 
quieter than the average office.® 

Diagnostic Centers—The over-all plan 
and purpose of monitoring audiometry in 
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conservation of hearing is to cull out by 
successive screening procedures those per- 
sons who are at a critical level of hearing 
and concerning whom some important de- 
cisions must be made. The percentage of 
such persons is small, but their problems 
are difficult. They include men who enter 
military service or industrial employment 
with a significant preexisting hearing loss. 
Such cases shovld be evaluated medically, 
particularly if hazardous noise-exposures 
are in prospect. Also, among those who 
work in very noisy surroundings some few 
each year will reach the stage of early 
warning in which a persistent high-tone loss 
has appeared, or the later stage of final 
warning when the high-tone loss is well 
established and the speech frequencies are 
threatened. The cases may be detected by 
monitoring audiometry and comparison of 
the results with their reference audiograms. 
Certain simple medical and otological ex- 
aminations show that the hearing loss is not 
due to temporary infection or wax in the 
ear, and a brief removal from noise expo- 
sure assures that the hearing loss is per- 
sistent and not merely temporary. 

Up to this point no special audiological 
or otological judgment has been required, 
merely care and skill in carrying out a 
prescribed routine. This routine has served 
its purpose when it has identified the men 
with a real audiological or otological prob- 
lem. At this point the expert medical judg- 
ment of a properly qualified otologist is 
needed. A medical, otological diagnosis 
must be made, and a decision must be ren- 
dered that takes into account all aspects of 
the situation—medical, social, economic, the 
good of the service, the individual’s ambi- 
tions and desires, etc. Can medical treat- 
ment help? Can protection be made 
effective? What future risks are justified ? 
An otologist must make the diagnosis and 
he must at least participate in the final 
disposition of the case. 


In industry the “properly qualified otolo- 
gist” may be a member of the medical staff 
of the organization. More likely, he will 
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be an otological consultant who is retained 
to handle precisely this type of case. 

In the Armed Forces there are not enough 
qualified otologists to provide one at every 
military installation where monitoring audi- 
ometry will be instituted. It is clearly 
impossible ever to supply enough such 
specialists, nor is the total load of cases 
that will require their special talents ever 
likely to be great enough to require a very 
large number of otological specialists, pro- 
vided their talents and special abilities are 
used efficiently. The problem is to bring 
together a widely scattered but probably not 
very large group of cases requiring special 
attention and a small number of strategically 
located specialists. 

It is important to note that the acceptance 
of the concept of special diagnostic centers 
by any large organization, such as one of 
the Armed Services, may involve far-reach- 
ing policy decisions. In the case of smaller 
organizations the use of such a “center” 
may be simple and obvious, as in an indus- 
trial establishment which relies in any case 
on its consulting otologist for special oto- 
logical and audiological equipment 
knowledge. 


and 


Certain specific assumptions concerning 
diagnostic centers are made at this point 
as part of the necessary background of the 
specific plan for medical disposition that 
is outlined in the next section. 


1. There will be a limited number of diagnostic 
centers, and each of these will be equipped for 
complete otological and audiological diagnostic 
test procedures. 

2. Medical personnel with adequate experience 
and authority will be available to make (a) 
the medical diagnosis and (b) (in conjunction 
with the appropriate administrative officers) 
the administrative decisions as to whether 
the men should be returned to duty that in- 
volves hazardous noise-exposure, and, if so, 
with what restrictions, or whether they 
should be assigned permanently to noise-safe 
areas. 


3. Authority will be given to diagnostic centers 
as follows: 


(a) Only diagnostic centers may designate 
a more recent audiogram as an_ indi- 
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vidual’s new reference audiogram. Some 
provision for designation of new ref- 
erence audiograms must be made to allow 
correction of errors in original reference 
the 
seems to be the most logical authority. 
Such faulty 
audiometric technique, inaccurate calibra- 


tion of audiometers, excessive masking 


audiograms, and diagnostic center 


errors may occur from 


noise during a test, lack of understanding 


or cooperation, temporary infection, 
Designation of 


a more recent audiogram as the reference 


clerical errors, etc., etc. 


audiogram is also needed when a person 
has incurred a stable and probably per- 
threshold shift 
posure, or other cause, as explained in 


manent from noise ex- 
an earlier section. 
(b) A diagnostic center may specify certain 
restrictions or precautions that must be 
observed when a person with hearing 
levels near the monitor limits is returned 
to duty that involves hazardous noise- 
exposures. It might require, for example, 
that if the person shows a certain num- 
ber of decibels of threshold 


shift, he must immediately terminate his 


additional 


hazardous noise-exposure. 
(c) A diagnostic center may require that 
annual follow-up audiograms be obtained 
on persons who are removed from duty 
that requires hazardous noise-exposure. 

It should now be clear that the central 
concept of monitoring audiometry and the 
associated medical disposition is to detect, 
by periodic simplified routine audiometry, 
those individuals who, either because of the 
initial status of their hearing or because of 
significant change from a known previous 
status, present medical and administrative 
problems. These problems are to be solved 
on their individual merits, according to 
established principles, precedents, and guide 
lines, by qualified experts. The expert is 
not to be loaded with routine examinations, 
however, or with the automatic decisions 
that can be made by following a few simple 
rules. These rules are made a part of the 
routine of monitoring audiometry. 


A General Plan 


To meet the needs of organizations such 
as the Armed Forces and assuming that 
the policy decision has been made to estab- 
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4 
ae: 


A. 


lish monitoring audiometry and one or more 
diagnostic centers, the outline of a general 
plan for medical disposition has been pre- 
pared. Many of the provisions in any 
particular plan will represent compromises, 
and different organizations will undoubted- 
ly make different compromises. A major 
objective of the present paper is to make 
clear the medical objectives that must be 
sought and the medical principles _ that 
should be observed in making these neces- 
sary compromises. 

Details that are frankly tentative, such 
as the monitor limits of hearing level and 
of threshold shift at each audiometric fre- 
quency that require referral to a diagnostic 
center, are purposely omitted from the plan 
in order to avoid giving an air of finality 
to a particular set of monitor limits. Each 
organization, whether industrial or military, 
should adjust its own monitor limits in 
the light of its own experience, to give the 
desired balance between overloading the 
diagnostic centers with premature referrals, 
on the one hand, and providing adequate 
protection of each individual against signifi- 
cant loss of hearing, on the other. The 
essentials of the plan, however, are suffi- 
ciently general to serve as a guide to others. 
They should help to make clear which con- 
siderations are basic for any effective plan 
and which ones are subject to modification 
or compromise. The elements of monitoring 
and disposition are as follows: 

1. Establish reference audiograms on all per- 
sonnel who have been or are to be assigned 


to duty that involves hazardous  noise- 
exposure. 

2. Establish monitoring audiometry as a follow- 
up routine. 

3. Establish a tentative set of monitor limits at 
which referral to the diagnostic center (or 
to a qualified otologist) becomes mandatory. 
These limits need not necessarily be the same 
in different organizations and in different 
situations, and they may be reviewed peri- 
odically. 

4. Screen out those cases of hearing loss that 
are due to identifiable and remediable causes. 

5. Handle locally all remediable causes of 
hearing loss, including wax in the ear, infec- 
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tion, and temporary noise-induced hearing 
loss. 


6. Reindoctrinate with the use of personal pro- 
tective devices all persons who seem to have 
suffered temporary noise-induced threshold 
shift. 

Refer to the diagnostic centers the cases of 
unexplained persistent hearing loss that ex- 
ceed the established monitor limits. The 
possibility of aggravation by exposure to 
noise must be decided at a diagnostic center. 


8. Return to duty and take advantage of the 
special training and talents of persons whose 
elevated hearing levels cause no_ practical 
disability or whose hearing losses are of a 
type that is not likely to be aggravated by 
exposure to noise. 

In more detail the major steps needed to 

achieve these results are as follows: 


1. Make or designate reference audio- 
grams for all personnel who are to be 
assigned or already have been assigned to 
duty involving hazardous noise-exposure. 
Reference audiograms for persons already 
working in intense noise should be made 
only after 40 hours have elapsed since the 
last exposure to noise. 


2. Make annual monitor audiograms on 
all personnel assigned to duty involving 
hazardous noise-exposure. When men are 
first assigned to such duty the monitor 
audiograms should be made at shorter in- 
tervals. 

3. Monitor audiograms, once the refer- 
ence audiogram has been taken, may be 
omitted for those persons who each year 
successfully pass a properly planned and 
executed single-frequency screening test. 

4. Refer to local medical service all per- 
sonnel whose unrevised reference audio- 
grams show hearing levels above the 
appropriate monitor limits. If no obvious 
temporary abnormality is found, refer to a 
diagnostic center. 

5. Continue on duty all men who on 
follow-up audiometric examinations do not 
show significant threshold shift from their 
reference audiograms. 


6. Refer to local medical service for 
appropriate treatment all obvious condi- 
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tions that might cause a temporary thresh- 
old shift, such as dirt, or acute 
infection. 


wax, 


7. For men without obvious remediable 
cause of hearing loss, allow at least 15 
hours, recovery after the last noise exposure. 
Make another audiogram and return to duty 
those men who are now within the monitor 
limit. Reindoctrinate these men in the use 
of personal protective devices on the as- 
sumption that the temporary elevation of 
hearing level above the monitor limit may 
have been due to imperfect protection. 


8. Forty hours or more after the last 
noise-exposure make another audiogram 
(called a “forty-hour audiogram”) on 
those men who were above the monitor linut 
on their fifteen-hour audiograms. If their 
thresholds now returned below the 
monitor limits, reindoctrinate them in the 
use of personal protective devices and re- 
turn them to duty; otherwise, assign them 
to noise-safe areas 


have 


or refer them to a 
diagnostic héaring center. 

9. Follow 
where 


up by annual audiograms, 
possible, who have been 
assigned to noise-safe areas, to detect sub- 
sequent recovery or possible further dete- 
rioration of hearing. 


those 


Relevant Medical Facts 
and Principles 


In addition to the new definitions and 
concepts that have been formulated specifi- 
cally to facilitate conservation of hearing 
programs and which have been discussed in 
an earlier section, there is a large back- 
ground of well-established facts and gen- 
erally accepted medical principles that are 
also relevant. Not all of the facts and 
principles are equally important or directly 
applicable in all situations, and perhaps 
an acknowledged ideal cannot be attained 
in one step or on a restricted budget, but 
nevertheless a review of these principles 
should help to reveal the ideals to be sought, 
to clarify the logic of certain procedures 
or decisions, and to allow one to assess the 
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disadvantages that may be involved in 
making any necessary compromises. 

Reliability of Protection —Protective de- 
vices may sometimes fail to give the ex- 
pected amount of protection of hearing 
because of the following: 

1. Lack of availability in emergency 

2. Imperfect fit, which is sometimes unavoid- 

able 


3. Negligence either of supervisory personnel 
or the individual 


4. Lack of cooperation by the wearer or re- 
jection on account of severe discomfort 
5. Hypersusceptibility of the wearer to injury 
by noise 
6. Sudden and unexpected noise (or blast) of 
sufficient intensity to cause acoustic trauma 
in a single exposure 
Furthermore, the expectations of protec- 
tion may be based on laboratory tests of 
protective devices under favorable condi- 
tions. Practical experience in the field sug- 
gests that 5 to 10 db. should be subtracted 
at many frequencies from the values ob- 
tained in laboratory tests to obtain a real- 
istic, conservative estimate of the protection 
that will be provided on the average by ear 
plugs or ear muffs when actually worn in 
the field, even if they have been properly 
fitted in advance. 


Susceptibility to Noise-Induced Hearing 
Loss——No_ satisfactory advance test is 
known for the degree of susceptibility of 
the individual to noise-induced hearing loss. 
There is considerable biological variability 
in this respect and the “limit of normal 
susceptibility” has not been defined. It is 
reasonable to assume, however, that if a 
person is susceptible to noise-induced hear- 
ing loss at one frequency he is also sus- 
ceptible to similar loss at other frequencies. 
Thus, the early appearance of a persistent 
elevation of hearing threshold for frequen- 
cies of 4000 cps and higher may be taken 
as a warning of the likelihood of persistent 


,and possibly permanent threshold shifts at 


lower frequencies if noise exposure is con- 
tinued. It is sometimes assumed, but with 
less justification, that the appearance of 
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unusually large temporary threshold shifts 
gives some warning of the likelihood of the 
accumulation of residual permanent shifts. 

Certain types of sense-organ hearing loss, 
such as are found in Méniére’s disease, may 
indicate an abnormal sensitivity to noise- 
induced hearing loss. Other types of hear- 
ing loss, such as presbycusis, may not 
affect susceptibility and may simply elevate 
the threshold still more. Conductive hearing 
loss in general tends to protect against noise- 
induced loss rather than to increase the 
susceptibility to it. Continued hazardous 
noise-exposure may therefore be quite per- 
missible for some men with some types of 
hearing loss but strongly contraindicated 
for others. Only a diagnostic center or 
qualified otologist can properly decide. 

Treatment of Persistent Hearing Loss.— 
No cure for persistent noise-induced hear- 
ing loss is known. The hearing loss is 
believed to be based on an_ irreversible 
degeneration of sensory cells and/or nerve 
fibers in the inner ear. On the other hand, 
without further aggravation by disease or 
noise exposure, no further deterioration is 
likely to occur simply because of the pre- 
vious noise-exposure. In other words there 
is at the present time no good reason to 
suppose that an individual's ultimate hear- 
ing level will ever be any worse than is 
shown on an audiogram taken 40 hours or 
more after the last noise-exposure, except, 
of course, for the changes attributable to 
aging and disease. His ultimate hearing 
level may actually be slightly better (lower ) 
than that shown on a 40-hour audiogram. 

The only “treatment” of persistent noise- 
induced hearing loss is to reduce the indi- 
vidual’s noise-exposure or to increase his 
protection, in order to avoid further aggra- 
vation of the condition. 

Types of Hearing Loss.—I\|mpairments of 
hearing are divided into several classes, 
depending on the part of the auditory 
system that is affected, the nature of the 
impairment, or its cause. They have been 
listed in a previous section, but a few addi- 
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tional comments and explanations should be 
helpful. 


Impairment of the external and the mid- 
dle ear prevent normal conduction of sound 
to the sense organ, and these conditions are 
grouped together as “conductive hearing 
loss.” 

Impairments of the sense organ may 
occur alone or they may occur in combina- 
tion. For example, an ear may have some 
presbycusis, some persistent noise-induced 
hearing loss, and an additional temporary 
noise-induced threshold shift all at the 
same time. Impairments of the sense organ 
may also be combined with conductive hear- 
ing losses. This combination is called a 
“mixed” type of hearing loss. 

Acute loss of hearing may be produced by 
a single blast or explosion, or by a brief 
exposure to an extremely intense noise. 
The injury to the sense organ in the inner 
ear produced in this way may be different 
from the injury produced by longer, re- 
peated exposures to less intense noise. The 
term “acoustic trauma” is appropriate for 
the acute injury from a single blast. The 
single sudden event distinguishes acoustic 
trauma from noise-induced hearing loss. 
The distinction is important because the 
prognosis for recovery is very different. 
Acoustic trauma may cause any degree of 
injury to hearing, but recovery, either par- 
tial or complete, extends over a period of 
weeks or months, whereas in the hearing 
loss that is induced gradually by repeated 
noise exposure the improvement is sub- 
stantially complete within a few days after 
removal from the noise. 

A blow on the head may impair hearing 
by direct injury to the brain, or by indirect 
effects, such as hemorrhage, from fracture 
of the skull. It also may injure the sense 
organ directly by the mechanical shock and 
produce a condition like acute acoustic 
trauma. 

“Psychogenic deafness” is a term roughly 
equivalent to “a functional nonaural hear- 
ing loss.” The failure to hear is real but 
it is due to unconscious emotional factors. 
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It is most commonly encountered in com- 
bination with an “organic” hearing loss due 
to cranial injury or sudden acoustic trauma. 
The psychogenic component is then spoken 
of as an “overlay.” This complication is 


encountered in combination 
with a gradually acquired noise-induced 
hearing distinction 
“functional” and “organic” hearing losses, 
and between both of these and malingering 


not so often 


loss. between 


presents particularly difficult diagnostic 
problems. 
A Measure of Auditory Disability: 


Hearing for Speech—tThe practical impor- 
tance of a high hearing level is not directly 
proportional to the number of decibels 
shown on the audiometer dial. Also, hear- 
ing defects at the middle frequencies are 
much more important in everyday life than 
defects at very high frequencies. And 
finally, elevation of threshold by a_ few 
decibels at a certain frequency may be in- 
significant if it occurs alone, but it may 
make a critical difference between success- 
ful or unsuccessful hearing if it is added 
to a considerable previous elevation. 

These propositions are all so well recog- 
nized that they are almost self-evident. The 
general basis for them is clear, namely, that 
by far the most important function of hear- 
ing in civilized life is the hearing of every- 
day human speech. It is the loss of this 
function that causes “disability” in the 
medicolegal as well as in the social sense. 
The same principle is recognized implicitly 
in the physical standards for hearing re- 
quired for full or for limited military duty. 
Hearing that is practically adequate for 
everyday speech under everyday conditions 
is adequate for full military duty, al- 
though many decibels of “hearing loss” may 
be registered on the audiometer at the higher 
frequencies. 

The question of disability of hearing has 
been debated at length in its medicolegal 
The published medical prin- 
ciples for evaluating hearing loss‘ recog- 
nize that the hearing for everyday speech 


application. 


Davis et al. 


is the most satisfactory measure of dis- 
ablement. This gives a basis in principle for 
determining what are the significant inten- 
sities and the significant frequencies. 
Actually the task of determining experi- 
mentally the relationships of various levels 
and patterns of hearing thresholds to the 
ability to hear correctly under everyday 
conditions of listening has not yet been 
completed. The outline of the relationships 
is clear, however, and they are quite well 
recognized in the set of rules adopted by 
the Veterans’ Administration in 1952 and 
in Wisconsin * in 1955 for the calculation 
of disability payments for partial loss of 
hearing. 

There are several steps in the procedure 
of setting up such rules for disability pay- 
ment, and some of them are identical with 
the steps involved in determining the moni- 
tor limits for conservation of hearing. For 
example, in monitoring audiometry, high- 
hearing, which is unnecessary for 
understanding speech, is regarded as partly 
“expendable,” and threshold shifts in the 
high frequencies are used primarily as 
warning signals. Similarly, in the Wiscon- 


tone 


sin medicolegal rule, the hearing level at 
4000 cps is not included in the calculation 
of speech-hearing level from the threshold 
measures for pure tones. The first major 
step in the calculation of disability is the 
estimation of the hearing level for speech 
from actual measurements of threshold 
levels for pure tones. 

The next major step in the calculation is 
to estimate the practical importance, the 
degree of disability, or the percentage of 
maximum compensation that should be as- 
sociated with a given hearing level for 
speech. Unfortunately, disability of hearing 
is not related to the decibels of hearing level 
in a simple, linear way. Disability increases 
very little at first but once the disability 
begins it increases very rapidly. In the 
rule a limit,” at which 
“disability of hearing” is 


Wisconsin “low 
considered to 
begin, is set at 17 db. average level for the 


frequencies 500, 1000, and 2000 cps. The 
15 


: 
2 


disability is then considered to rise steadily 
to complete (100%) disability at 80 db. 
average hearing level for these same fre- 
quencies. 

It is clear that the Wisconsin “low limit” 
corresponds in principle, although not neces- 
sarily in actual decibels, to one of the 
“monitor limits” described in this report. 
It is also clear that by the Wisconsin rule 
a 5 db. increase in hearing level for speech 
from 10 to 15 db. is not significant. The 
5-db. step from 15 to 20 is significant, 
however, on the economic scale of compen- 
sation, and the step from 20 to 25 db. is 
even more significant. 

In monitoring audiometry, and in medical 
disposition, a persistent high hearing level 
becomes a serious problem when it is so 
great that a further threshold shift would 
begin to cause significant disability. Then 
the proper disposition of the case requires 
joint medical and administrative decision. 
First, a correct medical diagnosis and in- 
formed medical judgment are essential. 
Then the risk of incurring significant, prac- 
tical disability must be weighed against the 
morale and desires of the individual and 
the value to others of his special talents and 
training. 

In summary: The following generally- 
accepted propositions about hearing level 
for speech may assist in setting realistic 
monitor limits for medical disposition and 
also in establishing physical standards for 
entry into military service: 

1. Satisfactory hearing for everyday 
speech is by far the most important criterion 
of hearing ability. 

2. Very few sounds of practical or mili- 
tary significance require good hearing for 
frequencies of 4000 cps and higher; 3000 
cps is significant for everyday hearing, but 
a reasonable estimate of hearing level for 
speech is given by the average hearing 
level for the three frequencies 500, 1000, 
and 2000 cps. 


3. A hearing level for speech, defined 
as above, of 15 db. or lower does not con- 
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stitute a practical handicap. Such a level 
may be considered as close to the limit of 
the range of normal hearing. However, in 
selecting candidates for training on certain 
special military duties that demand special 
auditory abilities it is wise to set more 
rigorous audiometric criteria. 

4. A hearing level for speech of 20 db. 
or higher in the better ear constitutes a 
small but significant practical handicap. It 
is outside the range of normal variation. 
I:veryone reaching this limit from whatever 
cause should, at induction or later, be eval- 
uated at a diagnostic center and assigned 
accordingly. 

5. When the hearing level for speech 
reaches 30 db. in the better ear the handicap 
is appreciable. A hearing aid is usually 
desired and is definitely indicated. Rigor- 
ous protective measures should pre- 
scribed to prevent men from incurring such 
losses. If such a hearing loss is of the 
sense organ (inner ear) type, as Méniére’s 
disease, or a noise-induced hearing loss 
that is still increasing, absolute prohibition 
of hazardous noise-exposures is justified. 
If the hearing loss in conductive, however, 
continued noise-exposure may reasonably 
be permitted. 


Pain Is Not an Adequate Indicator of 
Danger to Hearing.—Absence of auditory 
pain should not be construed to mean ab- 
sence of injury to hearing. Pain is pro- 
duced in the ear when noise levels are of 
the order of 130 db.; noise-induced hear- 
ing loss, however, may be produced by 
prolonged exposure to considerably lower 
noise levels. Pain is not a necessary accom- 
paniment of noise-induced hearing loss. 
Ultimately, the analysis of noise-exposure 
is the only completely satisfactory way of 
establishing the need for hearing conserva- 
tion, 


Additional Comments 


Many recommendations have been stated 
or strongly implied in the foregoing sections. 
Most of them, however, merely amount to 
saying that monitoring audiometry is an 
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important part of any military or industrial 
conservation of hearing program and that 
the rules for medical disposition associated 
with monitoring audiometry should be based 
on the medical principles that have been set 
forth. The opinion is also implied that 
monitoring audiometry is practical and not 
unreasonably expensive in dollars or man- 
power, provided full advantage is taken of 
the economies offered by the establishment 
of diagnostic centers, by the efficient use of 
qualified otologists, and by the by-passing 
of much audiometric routine by single-fre- 
quency screening. 

Certain additional comments are offered 
below in relation to particular audiometric 
procedures. They represent, in our opinion, 
the best compromises between simplicity 
and economy, on the one hand, and safe- 
guarding the hearing of military and in- 
dustrial personnel and the interests of the 
service, on the other. 


1. Terminology: Hearing Level, Thresh- 
old Shift and Hearing Loss.—A new term, 
“hearing threshold level,” or simply “hear- 
ing level,” should be substituted for the 
term “hearing loss’ on the instrument 
panels of audiometers, on audiogram 
blanks, in the specification of physical 
standards for military duty, in rules and 
laws relating to disability of hearing, and 
in general wherever reference is made to the 
value of the sound level at the threshold of 
hearing. This value is expressed in decibels 
relative to an arbitrary reference level. 

The term “threshold shift” should be 
employed instead of “hearing loss’ when- 
ever reference is made to a change in hear- 
ing level relative to an individual’s previous 
audiogram. It should always be made clear 
whether a threshold shift is “temporary” 
or “persistent.” 

The term “hearing loss” should still be 
used to designate the symptom of reduced 
sensitivity of hearing, or the abnormal con- 
dition leading to the reduced sensitivity. 

It is believed that the adoption and con- 
sistent use of “hearing level” and ‘threshold 
shift” will greatly reduce the present con- 
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fusion concerning various rules and regu- 
lations that are now expressed in terms of 


“hearing loss” alone. 


2. Screening Audiometry.—For all per- 
sonnel at the time of initial examination 
screening audiometry should be a minimum 
objective of all of the Armed Forces and 
of industry. The screening should be per- 
formed with a pure-tone audiometer and 
not by a spoken voice, whisper, or coin 
click. Single-frequency screening may be 
used as the first step. The principle of 
screening should be followed consistently, 
however: “pass” means acceptance without 
further immediate testing; “fail” means 
immediate further testing by more elaborate 
methods. Failure on an initial screening 
test should not mean automatic rejection. 


3. Speech Audiometry.—lf proper and 
standardized test material were available, it 
would be wise, from the standpoint of most 
effective utilization of personnel, to include 
speech audiometry as well as pure-tone 
audiometry in testing at the time of induc- 
tion or employment. [n all probability, when 
the tests have been further refined, speech 
audiometry will be further advocated, and 
it may finally become an adjunct of all test- 
ing of hearing. For the present, however, 
it should not be considered a required part 
of military or industrial audiometry of 
hearing except at diagnostic centers or in 
the hands of a qualified otologist or his 
staff. 


The 


omission of certain audiometric test fre- 


4. Audiometric Test Frequencies. 


quencies from monitoring audiometry and 
from physical standards for military duty 
is recommended. 


(a) The frequency 250 cps should be omitted 
from monitoring audiometry and also from 
physical standards for military duty, because 
(1) Hearing levels at 250 cps are very 
closely correlated with, but rarely higher 
than, those at 500 cps. A specification 
at 250 cps is therefore redundant. 

(2) Hearing at 250 cps is often inaccurately 
measured, owing to masking produced 
by room noise. 
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(3) To attain accuracy, unjustifiably large 
amounts of money must be spent on 
the audiometric facilities to exclude 
low-frequency masking noise. 
(b) The frequency 8000 cps should be omitted 
from monitoring audiometry and also from 
the physical standards for military duty, 
because 
(1) Hearing at 8000 cps contributes little 
if anything to the intelligibility of 
speech, to the hearing of warning sig- 
nals, or to any other useful purpose. 

(2) Measurements of hearing level at 8000 
cps show great variability due to small 
anatomical differences in the ear canal, 
differences in position of the earphone, 
etc. 

(c) Future consideration should be given to the 
inclusion of 3000 cps and to the reevaluation 
of the role of higher frequencies in physical 
standards for duty. 

(d) The frequencies 4000 and 6000 cps should 

always be retained in monitoring audiom- 

etry because they give important warning 
of danger to hearing for the speech fre- 
quencies. The frequencies 4000 and 6000 cps 
must also be retained in diagnostic audiom- 
etry as carried out in the diagnostic centers. 


5. Designation of the Initial Reference 
Audiogram.—An audiogram, to be eligible 
for designation as a reference audiogram, 
must be made not less than 40 hours after 
the end of the last exposure to intense noise. 
In making an initial reference audiogram, 
the first audiogram made under the pre- 
scribed audiometric conditions and at least 


40 hours after noise exposure may be desig- 
nated as the individual’s reference audio- 
gram if it shows no hearing level higher 
than 15 db. at any test frequency. If a 
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Recommended Frequencies for Various Types of Audiometry 


level above 15 db. is found, another audio- 
gram should be made, preferably on the 
same day. If there is doubt concerning the 
second audiogram or if there is a signifi- 
cant discrepancy between the first and the 
second, a third audiogram should be ob- 
tained. In selecting the reference audio- 
gram from among these two or three, the 
audiogram showing the better hearing for 
the frequencies necessary for the under- 
standing of speech (500, 1000, and 2000 
cps) should be chosen. If two audiograms 
have the same average level for these speech 
frequencies, the one showing the better 
hearing above 2000 cps should be chosen. 

If the initial reference audiogram finally 
selected and designated according to these 
rules shows a hearing level above 15 db. 
at any test frequency and if the level is 
above monitor limits, then the rules of medi- 
cal disposition should be applied before the 
individual is assigned to, or allowed to 
continue on, duty that involves hazardous 
noise-exposure. 

6. Revision of the Reference Audiogram. 

Revision of a reference audiogram should 
be made only at a diagnostic center or by 
a qualified otologist. The revision of a ref- 
erence audiogram from time to time may be 
needed, not only (a@) to correct clerical or 
technical errors, but also (6) to provide 
the base from which to measure future 
threshold shifts, both temporary and perma- 
nent, (c) to emphasize the need for more 
effective individual protective measures, (d) 
to indicate the increased risk of incurring 
a significant permanent hearing loss, and 


Sereening audiometry 

Single frequency screen 

Reduced screen 

Full screen 500 1,000 
Monitoring audiometry 


Retain 500 1,000 


Physical standards for general 
military duty 
Retain 500 1,000 
Retain for present 
Consider for future addition 


Calculation of disability of hearing 


Retain 500 1,000 
Consider for addition 
Diagnostic audiometry 
Retain 250 500 1,000 
Consider for addition 
Consider for possible elimination 


4,000 
2,000 4,000 
2,000 3,000 4,000 6,000 
2,000 3,000 4,000 6,000 
2,000 
4,000 6,000 
3,000 
2,000 
3,000 


2,000 3,000 4,000 6,000 
1,500 


8,000 
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(e) to justify removal of the individual, if 
necessary, from duty that involves hazard- 
ous noise-exposure. 

7. Selection Among Repeated Follow-Up 
Audiograms.—lf repeated follow-up audio- 
grams have taken an individual 
within one month, it may be difficult to 
decide which represents his hearing most 
accurately. In case more than one audio- 
gram has been made under substantially 
similar conditions, including the time that 
elapsed between the end of the last noise 
exposure and the audiogram, the rules for 
selection given above for designating the 
initial reference audiogram should be fol- 
lowed. 


been on 


In general, audiograms that show better 
rather than worse hearing should be ac- 
cepted. [Errors are much more likely to 
occur in the direction of worse hearing, but 
several consistent poorer tests can outweigh 
an exceptional better result. of 
difference of opinion, the judgment of a 
diagnostic center or, in industry, a qualified 
otologist should overrule that of a local 
medical officer. 


In case 


8. Audiometric Physical Standards and 
Monitor Limits.—The limits at 
which referral to a diagnostic center be- 
comes mandatory must not be confused 
with the physical standard for hearing re- 
quired for full military duty or for indus- 
trial employment even if the monitor limits 
and the physical standards happen to be 
nearly or exactly the same numerically. One 
reason is that the audiometric criteria for 
entry into military duty are quite well estab- 
lished for frequencies 500, 1000, and 2000 
cps. These values should not be altered 
without very careful consideration, although 
the values and rules for higher frequencies 


monitor 


may be considered as open to revision. In 
contrast, the absolute for 
referral to a diagnostic center are still so 
tentative and so subject to modification on 
the basis of experience and of particular 
local requirements that no specific values for 
monitor limits are recommended in this re- 
port. Furthermore, there are no clear pre- 


monitor limits 


Davis et al. 


cedents, no direct experimental evidence, 
and only limited clinical evidence for any 
specific monitor limits based on threshold 
shifts relative to a reference audiogram. 
The principles presented in this report are 
believed to be sound, but any particular 
numerical values, such as, for example, 
those contained in Air Force Regulation 
160-3, must be regarded as open to revision 
from time to time as experience with them 
accumulates. 

A standard clinical audiometer is gradu- 
ated in 5 db. steps, and the responses of 
individuals to a given intensity of sound 
are not entirely uniform. In general, there- 
fore, the monitor limits for 
threshold shift relative to the reference 
audiogram should be so written that no 
threshold shift of only 5 db. or less is made 
the basis of any required administrative 
action such as referral to a diagnostic cen- 
ter, temporary change of job assignment, 
ete. 


persistent 


The possibility of technical or clerical 
error, momentary inattention by the subject, 
etc., must be remembered when audiograms 
are made the basis of administration action. 
In case of doubt a repeat audiogram should 
be obtained on another day. 


and 
and 
re- 
ferral of persons to a diagnostic center 
and also removal of persons from jobs that 
There 
mhst be no implication, however, in the 
military context that such rules impose any 
restraint on the local medical officer in 
providing for the health and well-being of 
personnel under his care. 


9. Freedom of Medical Judgment 
Action.—Monitor limits must be set 
rules must be written for mandatory 


involve hazardous noise-exposure. 


Any medical officer should always have 
the right on his own judgment and initia- 
tion (a) to order additional follow-up 
audiograms in individual cases; (b) to re- 
move individuals temporarily from jobs that 
require hazardous noise-exposures, or (c) 
to refer any individual to a diagnostic cen- 
ter even if neither his absolute hearing level 
nor his threshold shifts are sufficient to 
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make such action mandatory under current 
rules and regulations. 


818 S. Kingshighway (10) (Dr. Davis). 
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A Study of the Physiological Effects of Carbon Black 


I. Ingestion 


CARL A. NAU, M.D.; JACK NEAL, M.S., and VERNIE STEMBRIDGE, M.D., Galveston, Texas 


The term “carbon black” is a_ specific 
term identifying a product used primarily 
in reinforcing rubber and as a pigment in 
the ink and paint industry. Demands for 
this product have been increasing annually, 
owing chiefly to the increasing need for 
tires. 

Within the past years inquiries have been 
made concerning the potential physiological 
effects of contact with carbon black. Be- 
cause not a great deal of experimental work 
has been done in this area—judging from 
the scarcity of published reports 
study was begun in 1949, in the Industrial 
Hygiene Laboratory, Department of Pre- 
ventive Medicine and Public Health, Uni- 
versity of Texas Medical Branch, Galveston. 
The present report covers one completed 
phase of this study, namely, the effects of 
ingesting carbon black. Additional reports 
covering the effects of carbon black will be 
issued as work is completed in each of the 
following areas: 

Il. Skin Contact 


III. Subcutaneous Injection 
IV. Inhalation 


Process of Manufacture 
Carbon blacks are produced from natural 
gas or petroleum products, and in the newer 
furnace processes highly aromatic fractions 
remaining after the cracking of oil in the 
Accepted for publication July 10, 1957. 
Department of Preventive Medicine and Public 


Health, Division of Industrial Hygiene, The 
University of Texas Medical Branch. 
This study was supported by Cabot Carbon 


Company, Columbian Carbon Company, J. M. 
Huber Corporation, Phillips Chemical Company, 
Sid Richardson Carbon Company, and United Car- 
bon Company, who provided not only financial aid 


but also technical assistance and advice. 


production of gasoline are frequently used. 
There are four principal processes of manu- 
facture, namely, 

1. The impingement or channel process in which 
fine particle (highly agglomerated) blacks are 
made entirely from gas. 

2. The lamp black process in which a relatively 
coarse (highly agglomerated) carbon is produced 
from a variety of oil products. 

3. The furnace process, using either gas or oil 
or both, in which by varying the operating condi- 
tions, blacks of graded sphere sizes can be pro- 
duced. 

4. The thermal process, in which hydrocarbon 
gases are used to produce coarse blacks which have 
relatively little tendency to agglomerate. 


The generalization holds that all carbon 
blacks, at the time of manufacture, exist in 
a high degree of agglomeration. The disper- 
sion to the finest state develops only in 
application. 


Properties and Nomenclature 

Physical.—Extensive studies of carbon 
blacks using the electron microscope reveal 
that the particles are essentially spherical in 
shape. At times these spheres arrange 
themselves like a chain and sometimes we 
see only conglomerate masses. 

The discrete particles of channel black 
vary from 50-350 A. in diameter. The 
smaller particle size blacks are selected for 
their intense blackness and are used most 
widely as pigments. 

The rubber-reinforcing channel blacks are 
primarily in the 250 to 350 A. diameter 
particle size range. The semireinforcing 
rubber blacks produced by furnace com- 
bustion processes range from 500-800 A. 
in diameter, and the coarsest carbon blacks 
(furnace thermal blacks) range from 1000- 
3000 A. in diameter. The particles of any 
given black are not uniform in diameter. 
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Chemical.—Carbon black has characteris- parted by the chemisorbed oxygen are very 
tics which distinguish it from bone black, important to the rubber industry. The 
charcoal, and chimney soot. It is essentially chemisorbed oxygen and hydrogen present 
carbon combined with hydrogen and oxygen. on carbon black are termed “volatile matter”’ 
The hydrogen is residual hydrogen from and may be determined by heating most 
the hydrocarbon raw material and is, more — blacks to 1200 C. 
or less, evenly distributed. It is thought The ash content of channel black is usu- 
to be bonded to the carbon atoms by true ally less than 0.1% and consists primarily 
valence bonds leading to an “unsaturated’”” of oxides of iron and silica. The ash con- 
state. The oxygen is chemisorbed on the tent of furnace black may be as high as 
carbon surface. The amount of oxygen 1%. This is often due to the mineral con- 
present has an effect on the properties of tent of the quenching water. 
the black—the more chemisorbed oxygen The nomenclature and general properties 
the greater the hydrophilic property of the are well known to those who are producers 
black and the more acidic the water sludge but not so well known to others. It seems 
of this black becomes. The properties im- well to present them herein (Table 1). 


TABLE 1.—General Nomenclature (Types) and Properties * 


Average 


Type Symbol Diameter, A. Applications 


. Color and Ink Channel Black 


Channel, high color HCC 50-90 Premium grades of carbon black; impart maximum blackness, in prep- 
aration of highest quality automotive synthetic enamels, lacquers 
and plastics 


Channel, medium color MCC 150-200 Used chiefly in paints, enamels, and lacquers of good quality 


Channel, low color Lcc 110 Lowest priced channel blacks; new inks, black paper, inexpensive 
enamels, coatings, and plastics; general utility blacks for inexpensive 
color 


Channel, long flow LFC 250 Lithographic and half-tone inks; multiple-use carbon papers and type 
writer ribbons 


Rubber Grades of Channel Black 


Channel, conducting i 200 Treads, soles, heels, conveyor belts; produces stock with good conduct- 
ance for static dissipation 


Channel, hard processing HPC 225 Natural rubber treads, soles, heels; maximum abrasion resistance; 
hardest processing and maximum hysteresis effects 


Channel, medium processing MPC 285 Synthetic and natural tire treads; wire jacket conveyor belting and 


molded goods; good abrasion resistance and intermediate processing 
characteristics 


Channel, easy processing Synthetic and natural treads; solid tires; easiest processing and lowest 


hysteresis characteristics of all channel blacks 
Furnace Combustion Black 


Furnace, fine FF 300-350 Approach reinforcing properties of EPC blacks; synthetic tire carcass 
and treads, tubes and footwear; printing inks 


Furnace, conducting CF 350 When conducting rubber stocks are desirable; low heat build-up; high 
loading capacity 


Furnace, high modulus 


Heavy-service synthetic treads; passenger-tire side walls; mechanical 
goods; produce unusually stiff stocks; printing inks 


Furnace, semireinforcing SRF Footwear, tubes, tread base; mechanical rubber goods; synthetic car- 
casses, often used in blends with channel blacks 


. Furnace Thermal Blacks 


Thermal, fine FT 1200-2000 Mechanical rubber goods, molded articles, and inner tubes; low rein- 
forcement, high loading capacity 


Thermal, medium MT 3000-5000 Coarsest of the carbon goods; lowest reinforcing ability; high loading 
capacity in mechanical rubber goods 


Acetylene 


Highest electrical conductivity; conducting rubber goods, imparts 
high modulus to rubber stocks; high liquid-retention capacity results 
in vvide application in dry-cell manufacture 


* Carbon Black, prepared for Encyclopedia of Chemical Technology,'' pp. 54-55, by Dr. W. R. Smith, Chief Research Chemist, 
Godfrey L. Cabot, = (slightly modified). 
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Historical_—The first carbon black plant 
using natural gas as the raw product for 
making carbon black was built in New 
Cumberland, W. Va., in 1872. This state 
remained the chief producer until 1920, 
when, owing to rising costs of natural gas 
in West Virginia and Pennsylvania, Lou- 
isiana became the leading producer, and it 
held this distinction until 1929, when Texas 
became the number one producer. Other 
states now contributing substantially to the 
production are (in the order of production) 
Texas, Louisiana, New Mexico, Arkansas, 
Oklahoma, and Kansas. 

Each year the amount produced has in- 
creased. The present annual production of 
carbon black of all types (in the United 
States) is approximately 1,750,000,000 Ib. 
(or more). 

Early in our studies it became evident 
that some of the carbon blacks selected for 
our studies and representative of all the 
blacks made had adsorbed a component 
which could be removed (in whole or in 
part) by continuous extraction (48 hours) 
with hot benzene using a Soxhlet extractor. 
When the benzene was permitted to evapo- 
rate at room temperature, the residual ma- 
terial thus obtained was weighed. The 
amounts (per cent by weight) were deter- 
mined to be removable from the carbon 
blacks as listed in Column 7, Table 2. 


CARBON BLACK—PHYSIOLOGICAL EFFECTS 


TaBLe 2.—Types and Properties of Carbon Blacks Furnished by Various Producers 
and Used in Our Studies "” 


The benzene-extractable material 
studied extensively, with efforts directed to- 
ward separating it into its constituent com- 
ponents by chromatographic procedures and 
toward studying the physiological effects of 
the “whole” extract as well as those of its 
component parts. Many compounds were 
separated.’*!5 One appeared to be identical 
with benzpyrene as revealed in our spectro- 
photometric studies. This finding is in 
agreement with that of Falk and Steiner." 

Animals used in our studies, thus far, 
include hamsters, guinea pigs, rabbits, mice, 
and monkeys. The CFW white strain of 
mice and the C3H brown strain of mice 
were chosen. The latter is easy to handle, 
does well under experimental laboratory 
conditions, and is readily available. The 
Rhesus monkey was also used. The species 
listed have all been used (or are being used 
now) in our inhalation studies. Monkeys, 
rabbits, and mice were used for skin con- 
tact studies. Mice alone were used for sub- 
cutaneous injection and ingestion studies. 


was 


Extent of Program 


For the purpose of the investigation, a group 
of carbon blacks, representative of the products 
made from the various hydrocarbon feed stock 
materials and by various manufacturing processes, 
were selected for all studies, including the inges- 
tion studies. 


Supplier Product Parent 
No. No. Type Material 
1 2 Oil furnace Oil residue 
1 1 Oil furnace Oil residue 
2 4 Gas furnace Gas 
2 10 Furnace Gas-oil 
2 ll Furnace Gas-oil 
2 12 Furnace Gas-vil 
3 3 Oil furnace Oils 
3 4 Oil furnace Oils 
4 13 Channel Gas 
4 “4 Channel special Gas 
5 5 Oil furnace Oils 
5 8 Thermal combustion Gas 
5 6 Oil furnace Heavy aromatic 


tar plus natural gas 
G 


5 7 Gas furnace as 
5 15 Oil furnace oil 
5 16 Gas furnace Gas 


Iodine Benzene 
Nigrom- Surface Extract Volatile Grade 
eter Area Per Cent pH Per Cent of 
Index Average Average Average Average Black * 
90.1 52.7 0.374 9.09 3.53 HAF 
87.5 184.5 0.15 8.86 3.17 CF 
96.0 21.5 0.06 9.69 0.60 HMF 
95.5 28.4 0.07 8.85 1.42 FEF or 
AF 
90.9 61.7 0.05 9.22 1.29 HAF 
86.8 99.3 0.05 9.02 2.34 ISAF 
90.2 76.0 0.053 9.58 4.51 HAF 
94.8 35.5 0.125 9.53 2.05 FEF 
83.8 108.0 0.00 4.99 5.08 MPC 
83.6 126.0 0.02 9.00 2.50 8TC 
95.1 35.5 0.17 9.08 1.96 FEF 
104.5 11.5 1.04 7.47 1.04 T 
90.0 67.7 0.246 9.70 2.46 HAF 
99.8 21.7 0.118 9.83 0.69 
90.6 62.4 0.26 6.72 3.01 
95.0 111.0 0.08 5.81 5.15 


Nau et al. 


* HAF = high abrasion furnace; CF = conducting furnace; HMF = high modulus furnace; FEF = fast extrusion furnace; MAF = 
medium abrasion furnace; ISA F = intermediate superabrasion furnace; MPC = medium processing channel; STC = special thermal 
channel; MT = medium thermal; SRF = semireinforcing furnace. 
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The feeding experiments reported herein are 
limited to mice. The “whole” blacks, extracted 
blacks, the extract and known carcinogens and 
extracted carbon blacks to which known carcino- 
gens were added were fed. Both negative and 
positive control studies were provided. 


Animal Feeding Experiments 


1. The Feeding of Whole Carbon Blacks——The 
CFW (white) and CsH (brown) strain of mice 
were kept, 10 in each Monel pan, in an air-condi- 
tioned room maintained at a temperature of 78 F 
and 55% relative humidity. The mice were 6 to 
10 weeks old when feeding tests were started and 
were fed for 12 to 18 months. At the end of this 
time they were killed, and complete gross and 
microscopic studies were made of all organs and 
tissues. Such studies were also made on 
which died in the course of the experiment. 


mice 


The diet consisted of 90% Purina Dog Chow 
and 10% whole carbon black. One hundred grams 
of this mixture was wetted with 100 cc. of 1% 
carboxymethylcellulose in water and 1.40 gm. pel- 
lets were prepared. This is referred to as a “water- 
base” mixture. The number of pellets eaten by 
the mice in any one pan was determined each day 
and that number was divided by the number of 
mice in the pan. The figure thus arrived at was 
taken as the amount eaten by each mouse. The 
mice did not appear to find this formula distaste- 
ful. 

Another group of mice was fed with a mixture 
of 90% Purina Dog Chow and 10% carbon black 
wetted with 1% carboxymethylcellulose (in water) 
in which 5% cotton seed oil was suspended. This 
wetted mixture was pelletized and is called an 
“oil-base” mixture. It is known that adsorption 
of a material by a tissue cell may be affected by 
the media used; hence oil was used. The experi- 


TABLE 14. 


mental data are summarized in Tables 3 through 
10.* 

2. The Feeding of Purina Dog Chow and 
Flour—Control_—The feeding of 85% Purina Dog 
Chow mixed with 15% wheat flour prepared as a 
water-base mixture or as an oil-base mixture—as 
previously described—was carried on, using mice 
of the same age and sex as in the feeding of the 
whole carbon black. 
Tables 11 and 12. 

3. The Feeding of Purina Dog Chow—Control.— 
Purina Dog Chow alone (as purchased) was fed 
to female mice of the same age, as well as to all 
of the mice in our colony. Only a small portion 
of the total number fed and observed is summar- 
ized in Table 13. 


An inspection of the data in Tables 3 
through 13 reveals no significant changes 
from the normal in any of the organs or 
tissues of the mice fed, regardless of 
whether they are fed whole carbon black 
of various types either in a water or an 
oil base mixture, Purina Dog Chow mixed 
with wheat flour, or Purina Dog Chow 
alone. 

4. The Feeding of Extracted Carbon Black.— 
The whole carbon black was extracted continu- 
ously with hot benzene for 48 hours by means of 


The data are summarized in 


* Tables 3 through 13 have been omitted and have 
been deposited as Document No. 5453 with the ADI 
Auxiliary Publications Project, 
Service, 


Photoduplication 
Congress, Washington 25, 
D. C., from which a copy can be obtained by citing 
the Document No. and remitting $2.50 for photo- 
prints or $1.75 for 35mm. microfilm. Advance 
payment is required. Make checks or money orders 
payable to: Chief, Photoduplication 
Library of Congress. 


Library of 


Service, 


Feeding of 10% Extracted Carbon Black * Mixed with 90% Purina 


Dog Chow—Water-Base Mixture 


Length of 
Time Fed, 
Wk. 


Group Black Eaten 


10 CFW 182 
10 C;H 


10 CFW 229 
10 C,H 


D; 10 68 243 


50 C M 72 186 


Amount Carbon Material Adsorbed on 
Carbon Black (and Re- 
per Mouse,Gm. movable by Benzene 


Pathology 


Extraction) Eaten 
per Mouse 
none 3 CFW mice had intracutaneous fibro- 
sarcoma f 
none 1 C,H mouse had a malignant, subcuta- 
neous lymphoma; 


3 C,H mice had benign squamous papil- 
loma tf 
none 3 mice had squamous metaplasia with 
malignancy 


none No changes from normal 


* Supplier No. 5, Product No. 5, Furnace Black FE 


cF. 
t We believe these effects are due to biting and inoculating the bitten animal with free benzene extractive material which had not 


been completely washed off the extracted carbon black. 
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TABLE 15.—Feeding of 10% Extracted Carbon Black * Mixed with 90% Purina 


Dog Chow—Oil-Base Mixture 


Length of Amount Carbon 
Group Mice Sex =e Black Eaten 
D; 30 C 5H M 78 207 
See D; 


* Supplier No. 5, Product No. 5, Furnace Black FEF. 


a Soxhlet extractor. This extracted black was dried 
and mixed with Purina Dog Chow to be fed as a 
water- or oil-base mixture, as previously described 
for the data in Tables 3 through 10. The results 
are tabulated in Tables 14 and 15. 

In our opinion these tables reveal no 
significant changes from the normal or no 
changes as compared with mice fed whole 
carbon black (nonextracted) or Purina Dog 
Chow alone. The few tumors observed 
might well be caused by a small amount of 
free extractive being transferred (by way 
of fighting and biting) into the skin of 
other mice. 


Material Adsorbed on 


Carbon Black (and Re- 
per Mouse, Gm. movable by Benzene 


Pathology 


Extraction) Eaten 
per Mouse 


none No changes from normal 


5. The Feeding of the Benzene Extract and/or 
a Known Carcinogen—The benzene extract of 
carbon black was dissolved in benzene and _ this 
solution was mixed with wheat flour, which, when 
dried, was mixed with the dog chow (15% wheat 
flour and 85% dog chow). The same procedure 
was followed to incorporate methylcholanthrene in 
the diet. 


These respective mixtures were pelletized as 
water-base and oil-base mixtures and fed to mice. 
The results are given in Tables 16 through 21. 

From the tables it can be seen that with 
mice, the feeding of the “free” benzene ex- 
tract from carbon black can lead to the 


TABLE 16.—Feeding of the Benzene Extract from Carbon Black* Mixed with 85% 


Dog Chow and 15% Flour—Water-Base Mixture 


Length of Amount Carbon 
Group Mice Sex Time Fed, Black Eaten 
Wk. per Mouse 
B, 10 CFW M 53 ae 
B; 10C ,H M 76 
B; 30 C,H } 67 
8; 30 F 61 


Amount of Benzene 


Extract Eaten (per Pathology 
Mouse), Gm. 
0.309 1 mouse had submucosal G.I. lympho- 
sarcoma; 
1 had G.I. tract squamous-cell carcinoma; 
0.509 2 had soft-tissue tumors (biting inocula- 
lation ?) 
0.378 
0.261 


7 mice had questionable squamous meta- 
lasia of stomach; 
1 had an early adenocarcinoma of stomach 


* Supplier No. 5, Product No. 5, Benzene Extract; 1 mg. of extract per 5 gm. of food. 


TABLE 17.—Feeding of the Benzene Extract from Carbon Black * Mixed with 85% 


Dog Chow and 15% Flour—Water-Base Mixture 


Length of Amount Carbon 
Group Mice Sex Time Fed, Black Eaten 
Wk. per Mouse 
B,; 21C.H M 78 


Amount of Benzene 
Extract Eaten (per 


Pathol 
Mouse), Gm. 


1.43 2 mice had squamous-cell carcinoma of 
tract; 


2 had leukemic infiltration 


* Supplier No. 5, Product No. 5, Benzene Extract; 4 mg. of extract per 5 gm. of food. 


TaBLe 18.—Feeding of the Benzene Extract from Carbon Black* Mixed with 85% 
Dog Chow and 15% Flour—Oil-Base Mixture 
Length of Amount Carbon Amount of Benzene 
Group Mice Sex Time Fed, Black Eaten Extract Eaten (per Pathology 
Wk. per Mouse Mouse), Gm, 
30 M 78 0.366 


No significant changes from normal 


* Supplier No. 5, Product No. 5, Benzene Extract; 1 mg. extract per 5 gm. of food. 


Nau et al. 


= 
— 
— 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


TABLE 19.—Feeding of the Benzene Extract from Carbon Black* Mixed with 85% 
Dog Chow and 15% Flour—Oil-Base Mixture 


Length of Amount Carbon 
Time Fed, Black Eaten 
Wk. per Mouse 


Group Mice Sex 


B, 22C;H M 


Amount of Benzene 
Extract Eaten (per Pathology 
Mouse), Gm. 


1.20 4 mice had squamous-cell carcinoma of 


stomac 


* Supplier No. 5, Product No. 5, Benzene Extract; 4 mg. of extract per 5 gm. of food. 


TasLe 20.—Feeding of a Known Carcinogen* Mixed with 85% Dog Chow and 
15% Flour—Water-Base Mixture 


Amount Carbon 
Black Eaten 
per Mouse 


Length of 
Time Fed, 
Wk. 


64 


61 
52 


Adsorbed Methyl- 
cholanthrene Eaten 


Pathology 
per Mouse, Gm. 


0.344 


0.344 
0.261 


3 mice had G.I. tract adenocarcinoma; 

10 mice had squamous-cell carcinoma of 
forestomach 

9 mice had squamous-cell carcinoma of 
forestomach; 

9 mice had squamous metaplasia and 
hyperplasia 


* 1 mg. per 5 gm. of food. 


formation of gastrointestinal tract malig- 
nancies. The same result is noted by feeding 
a known carcinogen (methylcholanthrene ) 
mixed with dog chow and flour. 

6. The Feeding of an Adsorbed Carcinogen.—A 
known carcinogen, methylcholanthrene, was dis- 
solved in benzene and this solution was added to 
extracted carbon black contained in a chromato- 
graphic column. The column was washed with 
redistilled benzene until methylcholanthrene was 


detected in the effluent (fluorescence). The carbon 
black column was removed; some was heated for 
one to three hours; some was not heated. It was 
dried in air, sieved, and then mixed with dog chow 
and fed to mice. The results are given in Tables 
22 through 26. 

It is quite evident from the data that 
carbon black can absorb methylcholanthrene 
effectively and thereby make it ineffective as 
a carcinogen. 


TABLE 21.—Feeding of a Known Carcinogen* Mixed with 85% Dog Chow and 
15% Flour—Oil-Base Mixture 


Length of 
Time Fed, 
Wk. 


Amount Carbon 
Black Eaten 
per Mouse 


55 0 


52 


Adsorbed Methyl- 
cholanthrene Eaten Pathology 
per Mouse, Gm. 


0.245 10 mice had squamous-cell carcinoma of 
forestomach; 

2 mice had mesenteric fibrosarcoma 

10 mice had squamous-cell carcinoma of 
forestomach; 

9 mice had squamous-cell hyperplasia 

9 mice had squamous-cell carcinoma of 
forestomach; 

4 mice had pancreatic malignant tumors 


0.195 


0.241 


* 1 mg. per 5 gm. of food. 


TABLE 22.—Feeding of Methylcholanthrene* Adsorbed Chromatographically 
(Without Heat) onto Extracted Carbon Black + 


Length of 
Time Fed, 
Wk. 


Amount Carbon 
Black Eaten 
per Mouse,Gm. 
185 


195 


Group Mice Sex 


F, 
Fs 


10 CFW M 70 
10 
50 C,H M 69 


cholanthrene Eaten 


Adsorbed Methyl- 

Pathology 

per Mouse, Gm. 
0.371 


0.291 


1 Ore fibrosarcoma of G.I. tract 
1 mouse had soft-tissue tumor of skin 
(CFW) (biting) 


* 1 mg. methylcholanthrene per 5 gm. feed—water-base mixture. 
+ Supplier No. 5, Product No. 5 FEF. 
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TABLE 23.—Feeding of Methylcholanthrene* Adsorbed Chromatographically (With 


Heat) onto Extracted Carbon Black 


Length of 
Time Fed, 
Wk. 


Amount Carbon 
Eaten 
per Mouse, Gm. 
212.71 


196.98 


Group Mice 


Gi 
G: 


10 CF W 
10 C;H 


Adsorbed Methyl- 
cholanthrene Eaten Pathology 
per Mouse, Gm. 


0.425 No significant changes from normal 


0.394 No significant changes from normal 


* 1 mg. methylcholanthrene per 5 gm. feed—water-base mixture. 
¢t Supplier No. 5, Product No. 5, FEF. 


TaBLe 24.—Feeding of Methylchorlanthrene * 


Adsorbed Chromatographically onto 


Extracted Carbon Black 


Length of Amount Carbon 
Time Fed, Black Eaten 
Wk. per Mouse, Gm. 


M s 
M 60 
M 41 


Group Mice Sex 


Li 
L; 


40C;H 
10C;H 
20 C;3H 


Adsorbed Methyl- 
cholanthrene Eaten Pathology 

per Mouse, Gm. 

No significant changes from normal 
No significant changes from normal 
No significant changes from normal 


0.260 
0.253 


* 20 mg. methylcholanthrene per 100 gm. of feed—oil-base mixture. 


t Supplier No. 5, Product No. 5, FEF 


TABLE 25.—Feeding of Free 


Methylc holanthre ne * Mixed with Feed 


Length of Amount Carbon 
Time Fed, Black Eaten 
Wk. per Mouse 


64 0 


Mice 
10CFW 
10 C 3H 


30 C 3H 
30 


61 


. per 5 gm. of feed—water-base mixture. 


Adsorbed Methyl- 
cholanthrene Eaten Pathology 
per Mouse, Gm. 


0.344 3 mice had G.I. tract adenocarcinoma; 

10 mice had squamous-cell carcinoma of 
forestomach 

0.344 

0.261 9 mice had squamous-cell carcinoma of 
forestomach; 

9 mice had squamous metaplasia and 
hyperplasia 


TABLE 26. ene of Free Me etpichelontivens*. Mixed with Feed 


Length of Amount Carbon 
Time Fed, Black Eaten 
Wk. per Mouse 


Sex 


0 


30 


40 


Amount Methyl- 
cholanthrene Eaten Pathology 
per Mouse 


0.245 gram 10 mice had squamous-cell carcinoma of 
forestomach; 

2 mice had mesenteric fibrosarcoma 

10 mice had squamous-cell carcinoma of 
forestomach; 

9 mice had squamous-cell hyperplasia 

9 mice had squamous-cell carcinoma of 
forestomach; 

4 mice had pancreatic malignant tumors 


0.195 gram 


0.241 gram 


* 1 mg. methylcholanthrene per 5 gm. feed in oil-base mixture. 


Deductions 


These studies reveal the following: 

1. The continuous feeding to mice of 
whole carbon black (as produced and used 
in industry) in massive quantities for pro- 
longed periods of time leads to no detectable 
changes from the normal in the mice fed. 


2. The continuous feeding to mice of the 
extracted carbon black in massive quantities 


Nau et al. 


for prolonged periods of time leads to no 
detectable changes from the normal in the 
mice fed. 

3. Carbon black may have an adsorbed 
component which can be removed by extrac- 
tion with hot benzene. 

4. The free benzene-extractable adsorbed 
component when fed, mixed with dog chow, 
to mice can and does lead to tumor forma- 
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tion in the stomach of the mice fed in 
significant numbers. The same results are 
obtained when a known carcinogen (methyl- 
cholanthrene) is fed to mice in a smilar 
manner. 

5. Extracted carbon black can adsorb 
effectively a known carcinogen (methylcho- 
lanthrene) as revealed by feeding the ad- 
sorbed methylcholanthrene mixed with dog 
chow to mice. In the adsorbed state the 
methylcholanthrene loses its carcinogenic 
potency in our feeding studies. 


Conclusions 


1. The feeding of whole carbon black to 


mice produces no changes from the normal. 


2. Carbon black has adsorptive powers 


which enable it to make ineffective a known 
carcinogen when it is fed to mice in the 
adsorbed state. 

In this study technical assistance was given by 
Nelda Andrews, Star Metzger, Deloris Wright, 
and N. D. Schofield, M.D. 


University of Texas Medical Branch. 
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Oral Administration of Edathamil Calcium Disodium 


(Calcium Disodium Versenate) 


LEONARD D. PAGNOTTO, B.S.; HERVEY B. ELKINS, Ph.D., and ISKENDER BAYKA, M.D., Boston 


The use of edathamil (Versene or EDTA) 
in the treatment of lead poisoning has re- 
ceived wide attention during the past few 
years. No new method of treatment of this 
disease has shown so much promise. The 
principle of its action is quite simple. The 
edathamil combines with lead ions in 
the body to form un-ionized lead edathamil, 
a substance which, though it contains lead, 
shows practically none of the chemical prop- 
erties of lead and therefore may be con- 
sidered, for practical purposes, to be a 
nontoxic form of this metal. Moreover, the 
lead edathamil is very readily excreted in 
the urine. 

The first use of edathamil for lead in- 
toxication was by intravenous injection. 
Some spectacular results were obtained on 
the excretion of lead, with urinary lead 
levels up to 20 mg. per liter being obtained 
without any exacerbation of the symptoms.?? 
It is obviously, however, much simpler to 
administer a drug by ingestion, particularly 
since, in the case of edathamil, relatively 
large volumes of the solution must be 
introduced in the intravenous injection. Ex- 
periments on the efficiency of orally admin- 
istered edathamil carried out by Foreman 
and Trujillo, using radioactive carbon as a 
tracer, indicated that only a relatively small 
amount of the orally ingested edathamil was 

Received for publication May 15, 1957. 

The terms edathamil and edathamil calcium di- 
sodium are used interchangeably in this paper. 

Presented in part at the Industrial Hygiene Sec- 
tion of the Thirty-Fourth Annual Massachusetts 
Safety Conference on March 22, 1955. 

Chemist (Mr. Pagnotto) and Director (Dr. 
Elkins) at the Massachusetts Division of Occupa- 
tional Hygiene; on study leave in Boston and now 


at Gulhane Military Academy, Ankara, Turkey 
(Dr. Bayka). 


absorbed, because only about 3% could be 


recovered in the urine.* 


Excretion of Lead Following Ingestion 
of Edathamil Calcium Disodium 
by Normal Persons 


In a preliminary experiment two mem- 
bers of our laboratory treated themselves 
orally with edathamil by taking, over a 
period of four days, a total of about 10 
gm. of the calcium disodium salt. The 
urine samples were collected each day while 
the drug was being taken and a few days 
after the end of the treatment and were 
analyzed for their lead content by an ashing 
method. The results are given in Figure 1. 


It can be seen that the lead excretion is 
increased during the first few days of treat- 
ment but rapidly falls off when edathamil 
is discontinued. In Subject A the maximum 
lead excretion of 0.47 mg. per liter cor- 
responds approximately to the concentration 
found in control subjects after a single in- 
travenous injection of edathamil.! 


The lead excretion results found in the 
case of Subject B, although not as remark- 
able, also indicate an elevated lead excre- 
tion. 


Both of our subjects began treating them- 
selves with edathamil calcium disodium tab- 
lets at noon on the first day and continued 
doing so at meal times and prior to retiring 
until noon on the fifth day. Urine samples 
were collected each day about 5 p. m. 

The above experiment was repeated about 
six months later with Subject A and Sub- 
ject C (Figs. 2 and 3). At this time, the 
daily dosage was reduced to half of the 
previous amount, or about 1.4 gm. of eda- 
thamil calcium disodium per day, but the 
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Fig. 1.—Lead excretion of control subjects fol- 
lowing oral administration of edathamil calcium 
disodium. Over a period of four days about 10 gm. 
of the salt was ingested. 


treatment was continued until pretreatment 


lead excretion, or nearly so, was found. 
Furthermore, 24-hour specimens were col- 
lected each day of the experiment and 
several days afterward. 

As can be seen in Figure 3, the second 
course of edathamil did not stimulate a lead 
excretion in Subject A anywhere near that 
previously found. On the other hand, the 
lead values of Subject C parallel the earlier 
results of Subject A. In both of these cases 
a maximum lead excretion was also reached 
during the first few days of treatment. After 
the maximum was reached, however, even 
with continued edathamil treatment, the lead 
excretion slowly dropped. 


URINARY EXCRETION OF 


SUBJECT A 
(2nd experiment ) 


° 2 4 TO 


TZ 
DaYSs 

Fig. 3.—Lead excretion of a control subject 
following administration of edathamil calcium di- 
sodium. The salt was ingested daily up to a total 
of 10 gm. during the treatment period. 
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URINARY EXCRETION OF 


SUBJECT C 


Fig. 2.—Lead excretion of a control subject fol- 
lowing oral administration of edathamil calcium 
disodium. A total of 11 gm. of the salt was ad- 
ministered during the treatment period. 


Estimation of Free Edathamil 


The quantity of free edathamil in each 
sample was estimated. The method of Cher- 
ney et al.* was tried, but it was insufficiently 
sensitive to detect the amount present in the 
samples. Recourse was had to a different 
method. Known amounts of lead were 
added to varying volumes of urine. Am- 
monium oxalate and calcium chloride were 
added, and the lead that was not combined 
by any free edathamil the 
coprecipitated. The was 


in urine was 


lead then de- 


termined by the usual method. It was found 
that the amount of lead that is complexed 
per milliliter of urine is fairly constant when 
a large amount of lead is added. Figure 4 
illustrates that when 75y of lead is added 
to 


different volumes of edathamil urine 


MICROGRAMS 75 MICROGRAMS OF LEAD 


OF WAS ADDED TO VARYING 


LEAD VOLUMES OF URINE 


COMPLEXED 


ML OF URINE FROM EDTA SUBJECT 


<0 


Fig. 4.—The 
edathamil urine. 
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EDATHAMIL—ORAL ADMINISTRATION 


Taste 1—Amount of Added Lead Complexed by 
the Free Edathamil in Urine of Subjects 
A and B During Preliminary Experiment 


Subject A, 
Mg. of Lead Complexed 
per Liter of Urine * 


Subject B, 
Mg. of Lead Complexed 
per Liter of Urine* 


Days 


Treatment 


| 


Total 


Total 


there is a straight-line relationship apparent 
in the first part of the curve. This relation- 
ship can be extended to larger volumes of 
urine by increasing the amount of lead 
added. 

The validity of this approach was tested 
by a series of experiments using a known 
excess of lead on various concentrations of 
edathamil in aqueous solution. It was found 
that when a large quantity of lead was 
added each molecule of edathamil prevented 
the precipitation of about two atoms of lead. 
found 
when the experiment was performed on con- 
trol urine. 


Results similar to these were also 


After obtaining the above information, we 
proceeded to determine the amount of lead 
complexed by the free edathamil present in 
the urine of our subjects. It was found that 
in our first experiment the edathamil in the 
urine of Subject A prevented the precipita- 
tion of nearly 26 mg. of lead (Table 1). 
In Subject B the amount of added lead 
complexed was about 19 mg.; the amount of 
edathamil calcium disodium ingested was 
about 10 gm. 


In our subsequent experiments the urine 
of Subject A was found to prevent 31 mg. 
of lead from being precipitated (Table 2), 
after he had received a total of 10 gm. of 
edathamil calcium disodium. The edathamil 
in the urine of Subject C prevented the 
precipitation of nearly 40 mg. of lead, after 
he had received about 11 gm. of edathamil 
calcium disodium. Since each molecule of 
edathamil prevents the precipitation of about 
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two atoms of lead, it appears that even less 
edathamil, about 0.3%, was absorbed by 
our subjects than was reported by Foreman 
and Trujillo. However, it is possible that 
although they demonstrated the presence of 
edathamil in the urine part of the activity 
which they measured was due to metabolic 
products of edathamil. 

After treatment with edathamil is dis- 
continued, edathamil is fairly rapidly 
eliminated. Three days after the last ad- 
ministration of edathamil there is little or 
none of this substance in the urine. 


Comment 


It has been suggested that the increased 
excretion of lead following oral administra- 
tion of edathamil is due solely to the ab- 
sorption from the intestine of lead which 
would otherwise be excreted via the gastro- 
intestinal tract. A study of our results, 
however, reveals that this may not be en- 
tirely true because of the following facts: 

1. Subjects A and C in the second experi- 
ment showed a marked tendency for the 
rate of lead excretion to diminish as the 
treatment was prolonged. This is also noted 
with the intravenous administration of the 
drug. 

2. There is sufficient free edathamil in 
the urine to combine up to about 7 mg. of 
the added lead per liter of urine. 

3. The amounts of lead excreted by Sub- 
jects A and C parallel very nearly those 
of control patients treated with the drug 
intravenously.? 

TABLE 2.—Amount of Added Lead Complexed by 
Free Edathamil in Urine of Control 
Subjects A and C 


Subject A, Subject C, 
Mg. of Lead Complexed Mg. of Lead Complexed 
per Day per Day 
(Second Experiment) 


sss 


End of Treatment 5. 
5. 


End of Treatment 


Total 


= 

* Adjusted to a specific gravity of 1.024. es 

Days 

ay 
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Tas_e 3.—Urinary Excretion of a Patient Treated 
with Edathamil Orally 

Patient was a painter who was hospitalized from 
July 15 to 22 and received four treatments of 
edathamil calcium disodium intravenously. Upon 
discharge he was given oral edathamil calcium di- 
sodium treatment for several months. The urine 
samples were voided after treatment for the week 
had terminated. 


Mg. of Lead per 


Date Liter of Urine * 

2/54 0.19 

31/54 0.79 

10/2 

0.29 
10/8/2 0.38 
10/15/54 0.63 
10/22/54 1.05 
10/29/54 0.82 


* Adjusted to a specific gravity of 1.024. 


4. Patients (Tables 3 and 4) who were 
treated first by intravenous injection and 
then by oral administration of the drug were 
found to excrete as much as 2 mg. of lead 
per liter of urine. 


The Coprecipitation Method for the 
Determination of Lead in the Urine 
of Edathamil Treated Patients 


The ashing method, while most commonly 
employed for the determination of lead, has 
been, in our hands, a slow and cumbersome 
procedure. We much prefer the coprecipita- 
tion method, in which the lead is separated 
out in combination with calcium oxalate in 
a precipitate which is readily dissolved and 
digested. Some previous attempts to de- 
termine lead in the presence of edathamil 
by replacing the lead with another metal 
were ineffective. However, the procedure of 
Cherney et al.4 for introducing chromium 
into the edathamil complex was found to 
be more satisfactory. If the urine contain- 
ing edathamil was treated with an excess 
of dichromate, which was then reduced with 
arsenous acid, it was found that the lead 
was completely freed and could be pre- 
cipitated by calcium oxalate in the usual 
manner. A brief summary of the procedure 7 
follows. 


For each milliliter of urine 1 ml. of 0.5% potas- 
sium dichromate and 1 ml. of 0.2 N arsenous acid 
are added. No more than 10 ml. of urine is recom- 
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TaBLe 4.—Urinary Excretion of a Second Patient 

Treated with Edathamil Orally 

Patient 
laborer. 


was a battery breaker and general 
He was given several intravenous treat- 
ments with edathamil calcium disodium. His uri- 
nary lead excretion for a few months thereafter 
was not remarkable, but he still did not feel fully 
recovered. He was put on oral treatment with 
edathamil calcium disodium for several weeks. 
Urine samples were collected after treatment for 
the week had terminated. 


Mg. of Lead per 
Liter of Urine * 


25/5 0.60 
10/2/53 0.70 
10/16/53 0.63 
11/13/53 1.10 
11/27/53 2.20 
12/11/53 1.60 
1/25/54 0.45 


* Adjusted to a specific gravity of 1.024. 
mended for analysis. The unknown and a water 
blank similarly treated are heated for five minutes 
in a boiling water bath. After the heating the un- 
known should be slightly green when there is a 
sufficient excess of chromate. If the solution, 
however, has a distinct reddish color, additional 
chromate and arsenous acid should be added to both 
unknown and blank. The solution is then heated 
again for five minutes. 

After the heating the samples are made up to a 
volume of about 50 ml. with water and allowed to 
cool. Then add 5 ml. of saturated ammonium 
oxalate and, while swirling the solution, 0.5 ml. 
of 10% calcium chloride. Centrifuge to obtain the 
precipitate, or let stand overnight. 

Decant or siphon off the supernatant liquid and 
digest the precipitate with 70% perchloric acid and 
30% hydrogen peroxide over a gas burner. 

Lead is extracted from the sample with a chloro- 
form solution of diphenyl-thiocarbazone (dithi- 
zone), after the digested solution has been treated 
first with 0.5 ml. of 50% citric acid and 2 drops of 
10% hydroxylamine hydrochloride; then it is made 
slightly alkaline with 6 N ammonium hydroxide 
and 0.5 ml. of 25% sodium cyanide is added, and 
finally it is brought to a pH of 8.4 with additional 
ammonium hydroxide. 

The diphenyl-thiocarbazone layer is transferred 
to a photometer tube, and the transmission is read 
with use of a green filter. 


Summary 


Control 
edathamil 
and their 
termined. 


subjects treated themselves with 
calcium disodium tablets orally, 
urinary lead excretion was de- 
Some of the results parallel the 
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excretion following an intravenous injec- 
tion of edathamil. 


The amount of free edathamil in the urine 
was estimated. A known excess amount of 
lead was added to the urine, and the quantity 
used or complexed by the free edathamil 
was determined. Each mole of edathamil 
was found to complex about two moles of 
lead. 

The amount of free edathamil in the 
urine was small, about 0.3% of the ad- 
ministered dose by mouth. However, there 
was enough free edathamil to combine up to 
about 7 mg. of the added lead per liter of 
urine. 

A coprecipitation method to determine 
urinary lead in the presence of edathamil 
is described. Chromium is introduced into 
the edathamil complex. The lead freed is 
precipitated by calcium oxalate in the usual 
manner. 


286 Congress St. (10). 
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Aerosols and Vapors 


Introduction 

In general, toxicological studies involving 
the dispersion of industrial chemicals in the 
aerosol or gaseous forms are performed by 
exposing laboratory animals in a resting 
state. Since accidental human exposures in 
the plant or field are likely to involve some 
degree of physical activity or exertion, it is 
desirable that a toxicity study be made un- 
der some degree of physical activity. While 
initially the major concern of the work re- 
ported herein was for the toxicity of in- 
haled aerosols, the effect of physical activity 
on the toxicity of inhaled vapors could not 
be disregarded. 

Studies of the effects of exercise on the 
toxicity of gases have been recorded. Postel 
et al.’ reported that light and moderate exer- 
cise after the inhalation of diphosgene had 
little effect beyond an increase in survival 
time for mice and dogs. Cresthull, Koon, 
and Oberst? found that exercise lowered 
the L. C.s9 value of sarin vapor for mice 
by 23% for a 10-minute exposure. In hu- 
mans Freeman et al.* found that exercise 
during the inhalation of sarin did not pro- 
duce any significant enhancement of effects. 
This lack of effect was attributed to the low 
concentrations employed. Stockinger, Wag- 
ner, and Wright recently reported an en- 
hancement of the toxicity of ozone in rats 
and mice when they were exercised inter- 
mittently during exposure.'* 
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Influence of Physical Activity on the Toxicity of 


Inhalation Toxicity of Paraoxon and Sarin in Rats 


Cc. L. PUNTE; E. J. OWENS; E. H. KRACKOW, and P. L. COOPER, Army Chemical Center, Md. 


Apparatus and Methods 


The equipment used in the exposures consisted 
of a 200 liter dynamic chamber with a generator 
such that aerosol or vapor could be mixed with 
the intake air. Air was withdrawn from the 
chamber through filters, causing room air to enter 
by way of the intake tube. A revolving cage, 14 in. 
in diameter and 12 in. wide, made of % in. wire 
mesh, was mounted on a shaft inside the chamber. 
A peripheral linear velocity of approximately 55 
ft. per minute was produced by rotating the cage 
at a rate of 15 rpm by an electric motor. 

Paraoxon (O,O-diethyl-O-p-nitrophenylphos- 
phate) aerosol was generated by passing dry nitro- 
gen from a cylinder through an aspirator unit of 
the type described by Laskin‘ and designed to 
disperse liquid agents. Sarin (isopropyl methyl- 
phosphonofluoridate) vapor was dispersed by 
bubbling dry nitrogen through the liquid agent. 

Samples for determination of air-borne concen- 
trations of paraoxon were collected by means of a 
filter paper sampler containing two 54 in. discs of 
Knowlton filter paper, Grade 100. The combined 
filter papers containing paraoxon were extracted 
with 95% ethanol and analyzed for p-nitrophenol 
after the basic hydrolysis of the agent. The sarin 
air-borne concentrations were determined by a pro- 
cedure described by Oberst et al.° 

Samples for particle size determinations of the 
aerosol were collected by a Cascade impactor de- 
scribed by May,° and mass-median diameter, were 
derived by use of stage calibrations based on the 
density (1.27) of paraoxon. 

Preliminary to the experiments involving physical 
activity a study was performed to determine if the 
revolving cage had an effect on the concentration 
within the cage. Sampling from the interior of the 
cage was accomplished through a hollow brass tube 
which acted as one of the shafts on which the cage 
revolved. Statistically, the results indicated that 
there was no difference in the air-borne concentra- 
tion in the revolving cage as compared with that of 
the chamber as a whole. 

In each experiment eight male albino rats, weigh- 
ing about 175 gm. each, were placed in the 
chamber. The exposure was started and, after 
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exposure 


SESBSsS 


Mortality Concentration Mortality 


Mg./M.?* 


ANOS 


concentration equilibrium” was attained, samples 
were drawn from the chamber for analysis and, in 
the case of the aerosol, for determination of particle 
size also. At the end of the exposure period the 
generator was turned off to allow fresh air to flush 
the system. The animals remained in the chamber 
for at least 15 minutes after the exposure. 

L. C.wo's* for each agent were determined in 
groups of resting rats and compared with the values 
obtained when rats were exercised (1) before, (2) 
during, (3) after, and (4) before and during the 
exposure. The L. C.0’s for 10-minute exposures 
and for a 24-hour observation period were calcu- 
lated by the method of Bliss.® 

To determine if increased toxicity of paraoxon 
and sarin could be related to muscular exertion per 
s¢ and separately from variations in respiration, 
intramuscular L. D.oo’s were determined in resting 
and exercised rats. The exercised rats were sub- 
jected to physical activity in the rotating cage for 
five minutes before and five minutes after the 
intramuscular injection of the agent. 


*L. concentration 50—Concentration 
of a substance in inhaled atmosphere (mg/m.*) 
which will kill 50% of a group of animals. 

+L. D.so=lethal dose 50—Dose in mg/kg. which 
will kill 50% of a group of animals. 
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To correlate physical activity with the respira- 
tory volume, respiratory volume of six rats was 
measured under several conditions: (1) resting 
(lightly anesthetized with pentobarbital [Nem- 
butal]), (2) restrained (tied to an animal board), 
and (3) exercised (in revolving cage for 10 min- 
utes). Respiratory volume measurements were 
obtained by inserting the head of the animal 
through a rubber collar and into a 2 liter glass 
chamber connected to a respiratory tambour. Each 
inspiration and expiration was recorded on a kymo- 
graph and compared with predetermined calibra- 
tions. The data were compared with Guyton’s® 
computed volumes based on animal body weight. 


Results 


The mass-median diameter of the para- 
oxon aerosol during the exposures was 
0.92; 95% being below 3.5p. 

The mortality in rats exposed to various 
concentrations of paraoxon aerosol and 
sarin vapor under the different conditions 
of activity are recorded in Table 1. 

The derived L. C.59’s+1.96 SEt¢ for para- 


oxon aerosol and sarin vapor in rats are 


t SE=Standard error. 


PHYSICAL ACTIVITY AND INHALATIONAL TOXICITY e 
TaBLe 1.—Inhalation Toxicity of Paraoxon Acrosol and Sarin Vapor in Rats : 
0/16 19 0/8 : 
3/16 22 1/8 
7/16 25 4/8 
10/16 25 5/8 
6/16 26 2/8 
9/16 30 5/8 
16/16 31 5/8 
31 8/8 
42 2/8 10 0/8 
55 4/8 13 2/8 
56 6/8 18 0/8 
60 7/8 19 3/8 . 
93 8/8 20 5/8 
97 8/8 23 7/8 "i 
27 8/8 
29 6 0/8 
30 2 7 2/8 
ee 30 3 9 2/8 
31 4 9 3/8 % 
32 5 10 4/8 
39 7 10 7/8 
47 8 12 6/8 a 
14 7/8 
42 18 2/8 
58 19 1/8 
39 22 1/8 
80 24 8/8 
94 25 2/8 : 
112 25 5/8 
32 6/8 ; 
9 3/8 
10 2/8 
13 3/8 
13 5/8 ie 
15 7/8 
15 8/8 
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TasLe 2.—Effect of Physical Activity on L. C.s's 
of Paraoxon Aerosol and Sarin Vapor in Rats 


L.C. s0's+1.96 SE (Mg/M 


Treatment 
Sarin 
Vapor 


8-28. 


Paraoxon 
Aerosol 


88.6 (83.4-94.0) 
49.9 (44.8- 55.4) 
32.1 (29.5-34.8) 
72.4 (70.0-75.7) 


27.3 (24.6-30.3) 


Resting state 

Activity before exposure 

Activity during exposure 

Activity after exposure 

Activity before and during 
exposure 


shown in Table 2, and the potency ratios 
are shown in Table 3. The data recorded 
in Tables 2 and 3 indicate that the L. C.59’s 
in resting rats are significantly different 
from and larger than those obtained with 
physical activity, except for activity after 
exposure to sarin vapors. Statistically, there 
is no difference between the potency ratio 
values obtained for paraoxon aerosol and 
sarin vapor at similar activities. 


TaBLE 3.—Potency Ratios of the L.C.s's of 
Paraoxon Aerosol and Sarin Vapor in Rats 
Subjected to css Activity 


Potency Ratio + 1.96 SE 


Treatment 


Paraoxon Sarin 


Resting state 

Activity before exposure 
Activity during exposure 
Activity after exposure 
Activity before and during 


exposure (2.24-3.02) 


Table 4 shows the L. D.50’s for paraoxon 
and sarin when injected intramuscularly in 
testing and exercised rats. The data indi- 
cate that the exercise to which rats were 
subjected increased the effective toxicity of 
the two compounds by approximately 20% 

The respiratory volume data obtained for 
resting, restrained, and exercised rats are 
shown in Table 5. A test of significance by 
the analysis of variance indicated that the 
theoretical mean from Guyton’s equation for 


TasLe 4.—Intramuscular Toxicity of Paraoxon 
and Sarin in Rats 


L.D.»0's (Mg/Kg.) 


Treatment 

Paraoxon Sarin 
0.37 (0.33-0.40) 
0.29 (0.27-0.31) 
1.25 (1.08-1.44) 


0.112 (0.106-0.118) 
0.092 (0.086-0.095) 
1.22 (1.10-1.30) 


Resting 
Exercise 
Potency ratio 
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TABLE 5.—Comparison of Rat Respiratory Volumes 


Averag 
Condition Ce. /Min4 Ratio 
Resting 1 
Restrained 1, 
Exercised 2 


rats is not different from the mean value of 
the resting group but was significantly less 
than the mean of the restrained and exer- 
cised groups. 


Comment 
Physical activity during a 10-minute ex- 
posure increased the inhalation toxicity of 
paraoxon aerosol and sarin vapor by a fac- 
tor of 2.7 (2.4-3.2). Under comparable 
exercise conditions without exposure to the 


toxic compounds, lung ventilation in rats in- 


creased by a factor of 2.2. 

Rats injected intramuscularly with these 
compounds and exercised for a 10-minute 
period showed an increase in mortality re- 
sponse by a factor of 1.2. If it is assumed 
that the increased toxicity due to increased 
lung ventilation and muscular activity are 
additive, it appears that these two factors 
The 
fact, however, that the aerosol toxicity po- 
tency ratios (Table 3) are somewhat higher 
(although not significantly ) than those of the 
vapor suggests that some factor in addition 
to lung ventilation and muscular activity is 
affecting the aerosol toxicity. 

It is likely that this additional factor 
is one of increased over-all respiratory re- 
tention for aerosols, 


account for the increase in toxicity. 


Landahl and Herrmann '’ pointed out that 
increased lung ventilation resulting from 
exercise has little effect on per cent retention 
of inhaled vapors. Oberst et al.'! showed 
that the per cent of sarin vapors absorbed 
from inspired air is relatively constant and 
independent of respiratory volume. Landahl, 
Tracewell, and Lassen ?* showed that the 
per cent of aerosols in the respiratory tree is 
increased with increasing minute volume. 
This increase in retention of particulates is 
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26.7 

19.4 

9.6 (8.7-10.8) 
10.3 (7.7-11.5) 

— 

1 1 

1.81 (1.60-2.04) 1.38 (1.20-1.59) 
2.72 (2.42-3.07) 2.76 (2.42-3.17) 
1.22 (1.09-1.36) 1.07 (0.93-1.22) 

= 
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attributed to increased inertial impaction, 
which is a function ef the increased velocity 
of air passing through the respiratory pas- 
sages. Particulates (rather than vapors) are 
more easily impacted on the 
broncheal lining at the numerous bifurca- 
tions of the bronchial tree by sudden changes 
in the direction of the air stream. Thus, it 
appears that a portion of the increased 
toxicity of the paraoxon aerosol may be due 
to the increased pulmonary retention of par- 
ticulates that accompanies increased lung 
ventilation. 

The increase in toxicity of paraoxon and 
sarin that was coupled with muscular exer- 
cise alone when the agents were administered 
by intramuscular injection warrants the be- 
lief that exercise and exertion after an ex- 
posure to an anticholinesterase would be 
contraindicated. 


mucoid 


Summary 


Experiments were made to study the effect 
of physical activity on the inhalation toxicity 
of paraoxon aerosol and sarin vapor for 


rats. L. C.s59 (10-minute exposure) values 
for these compounds were obtained for rats 
in a resting state and were compared with 
values obtained with physical activity (a) 
before, (b) during, (c) after, and (d) be- 
fore and during exposure. 

Intramuscular L. D.59 values for rats indi- 
cate that muscular exercise increased the 
toxicity of these compounds by 20%. 

Measurements were made with use of rats 
to correlate physical activity with respiratory 
minute volume. Physical exercise as induced 
in these experiments accounts for about a 
2.2-fold increase in respiratory volume. 

It is concluded that 

1. The inhalation toxicity of the anti- 
cholinesterase paraoxon (aerosol) or sarin 
(vapor) is approximately proportional to the 
respiratory ventilation during physical ac- 
tivity. 

2. Factors associated with physical activ- 
ity or exertion independent of variations in 
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respiratory ventilation enhance the toxicity 
of anticholinesterases. 

3. Physical activity following exposure to 
anticholinesterases is contraindicated. 

Mr. Ira A. DeArmon and Mr. Todd M. Frazier 
did the statistical evaluation of the data. 

Toxicity Division, Chemical Warfare Labora- 
tories, Army Chemical Center, Maryland. 
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Introduction 


Very few studies on the toxicity of lead 
have been concerned with fundamental 
mechanisms involved in absorption, trans- 
port, and excretion. There is nothing in the 
lore of lead, for example, to compare with 
the intensive investigations on the pharma- 
cology and toxicology of uranium which 
were carried out during war-time and which 
have been described in volumes edited by 
Voegtlin and Hodge.! Up-to-date techniques 
were used, and basic facts about the physio- 
logical effects of uranium were quickly 
learned. Similar techniques applied to the 
study of lead might yield information useful 
to physicians and hygienists engaged in the 
prevention of lead poisoning in industry. 

One of the points important to an under- 
standing of lead pharmacodynamics is the 
chemical form in which lead exists in blood. 
Oliver? believed that lead is present as the 
albuminate. Aub, Fairhall, Minot, and 
Reznikoff * concluded that lead in blood 
plasma is principally a di-lead phosphate in 
colloidal form. Jowett * found evidence of 
an inorganic mixed salt of lead phosphate 
with calcium and chloride. Teisinger ® held 
that lead circulates as an organic complex, 
not as the phosphate. Maxwell and 
Bischoff and Kehoe and Thamann* be- 
lieved that lead is in some form more active 
than the phosphate, and the work of Max- 
well and Bischoff suggested a diphospho- 
glycerate. 

In 1942 Kety® proposed that normal 
blood citrate constituted a physiological 
mechanism for the removal of lead from 
the body. Investigating the solubility of lead 


Recorded for publication May 23, 1957. 

Chief Hygienist, American Smelting and Re- 
fining Company (Mr. Nelson) and Professor of 
Chemistry, University of Utah (Dr. Hamm). 
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phosphate in dilute solutions of acetate, 
formate, ascorbic, tartrate, and citrate ions 
he found citrate to have a powerful solvent 
action and to form a strong complex with 
lead. By means of potentiometric measure- 
ments he showed the complex to be PbCit~. 
The logarithm of the formation or stability 
constant, K.= __(PeCit) was found to be 
(Pb**) (Cit ===) 
5.74 at »=0.160, pH=6.95 to 7.45, t=25 

Kety and Letonoff*® advocated sodium 
citrate as a treatment for plumbism. For 
a time citrate was used with some success, 
but it was supplanted by edathamil calcium- 
disodium  (calcium-disodium ethylenedia- 
CaNaz2EDTA). The 
latter compound has the advantages of being 
resistant to metabolism and of forming a 
much stronger chelate with lead, the loga- 
rithm of the stability constant being 18.2.!° 
Administered intravenously or orally in 


mine-tetraacetate; 


suitable dosages edathamil causes prompt 
cessation of symptoms, releases lead stored 
in soft tissues, and greatly increases the 
concentrations of lead in blood and urine. 
The fact that relatively large quantities 
of lead as a stable edathamil chelate can 
circulate in blood without toxic effects to 
the organism is most interesting and sug- 
gests that a similar modification of toxicity 
of lesser magnitude may occur in lead-ex- 
posed persons through lead chelation or 
complexing with normal metabolites. Cit- 
rate, as proposed by Kety, or other anions 
may act by chelating lead and sharply re- 
ducing the number of ions available for 
harmful reactions. In fact, Fried et al." 
have shown recently that partial protection 
from acute lead poisoning in rats can be 
given by increasing tissue citrate with small, 
nonlethal doses of sodium fluoroacetate. 


LEAD IN HUMAN URINE 


Although present evidence indicates that 
normal citrate may be the agent influencing 
human absorption, circulation, distribution, 
and excretion of lead and modifying the 
toxic effects of lead, it is quite possible that 
other natural chelating anions are equally 
as important or more so. This study was 
undertaken in an attempt to prove the exist- 
ence of a natural lead chelate in a body fluid 
—urine in this case—and to identify the 
chelate if possible. Also, it was decided to 
attempt to confirm, by another method, the 
PbCit— stability constant found by Kety. 


Methods 


Initial experiments to detect a lead chelate in 
urine were conducted with columns of cation ex- 
change resin. All of these experiments were some- 
what limited because of the small numbers and 
small volumes of available urine specimens having 
concentrations of naturally-excreted lead high 
enough for accurate measurement in small aliquots. 

For a more rapid evaluation of the lead-com- 
plexing powers of an array of compounds, poten- 
tiometric titrations of the compound with standard 
KOH in the absence and in the presence of lead 
were carried out. 


Fig. 1—lIon-exchange columns. 
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Finally, the strengths of certain lead complexes 


were compared and the stability constants of 
PbCit- at 25 C and at 37 C were determined by 
equilibrations against ion-exchange resin. 

Detection of Complex.—The ion-exchange col- 
umns used are shown in Figure 1. The cation 
resin used was 40- to 80-mesh, analytical grade, 
Amberlite IR-120. Dimensions of the resin col- 
umns were approximately 6150 mm.; resin 
weights per column were 2.3 to 2.5 gm. of the air- 
dried, hydrogen form. 

Before use columns were conditioned by alter- 
nate washings with several portions each of 4 N 
HCl (prepared from concentrated HCI diluted 1:1 
and distilled in an all-Pyrex still) and 4 N NaOH. 
Conversion to a final hydrogen or sodium form, 
whichever was required, was accomplished with 
4 N HCl or 4 N NaCl, respectively, followed by 
back-washing with lead-free distilled water. It was 
found necessary to remove traces of heavy metals 
from the NaCl solution by adjusting to pH 8.5 
to 9.0 with NaOH, extracting with a 50 mg. per 
liter solution of dithizone in chloroform, and re- 
moving the excess dithizone by neutralizing with 
HCl and washing with chloroform. 

As a general procedure experiments were car- 
ried out in duplicate by filling the column reser- 
voirs with 25 ml. portions of urine or solution and 
allowing them to pass through the columns with 
stopcocks fully open. The urine had been centri- 
fuged or filtered to remove suspended matter. 
Flow rates ranged from 1.4 to 6.8 ml. per square 
centimeter per minute, depending on the solution 
and the column packing. Variation in flow rates 
within these limits did not appear to influence the 
extent of ion exchange. 

Original solutions were followed by 25 ml. water 
washes. Absorbed cations were eluted from col- 
umns by successive passage of 25 ml. of 4 N HCl 
and 25 ml. of water. Effluent and eluate solutions 
plus washes were analyzed for lead by the method 
of Laug.” The dry-ashing technique used by 
Laug, however, was replaced by wet-ashing with 
a mixture of nitric, perchloric, and sulfuric acids. 
The standard deviation of a series of 25 routine 
determinations of known amounts of lead (ly to 
10y Pb per aliquot) by this method was 0.36y. 

Solutions to test the complexing powers of 
compounds were prepared in 100 ml. 
batches. Each batch contained 1 gm. NaCl, 40y Pb, 
and the complexing agent in a concentration ap- 
proximately equal to that present in normal human 
urine. In some cases the probable concentration 
and even the presence of a certain compound in 
normal urine were unknown. 


various 


Potentiometric Titrations.—Solutions of 0.001 M 
chelating agent in 0.1 M KCl were titrated with 
standard KOH, with use of the glass electrode. 
The titrations were repeated with similar solutions 
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which were also 0.001 M or 0.0005 M in lead. A 
drop in pH due to displacement by lead of weakly 
acidic protons in the chelating agent and subsequent 
shift in the titration curve served as indicators of 
chelation or complexing. Lack of visible precipi- 
tation of lead, probably as the basic carbonate, at 
a pH of about 7 also was evidence of formation 
of a soluble complex. 

Resin-Solution Equilibrations and Stability Con- 
stant Determinations—The relative tendencies of 
a metal ion to be adsorbed by an exchange resin 
or to remain in solution in the presence of a com- 
plexing agent depend on the strength of the metal 
complex and on the concentration of the complex- 
ing agent. The more stable the complex and the 
more concentrated the agent the lesser the extent 
of metal adsorption by resin. This distribution of 
metal ion has been used rather extensively by 
Schubert * and others for determining stability 
The 
conditions necessary for valid use of the method 
and its mathematical basis have been discussed by 
Martell and Calvin.”* In brief, the method depends 
on the fact that the amount of a cation bound to 
a definite amount of cation exchanger at equili- 
brium is proportional to the concentration of free 
ions in the solution over a wide range of concen- 


constants of metal complexes and chelates. 


trations. Martell’s and Calvin’s notation is given: 
MR 
(M) °—~ (100—ao)g 
where 
Xo =a constant (for exchange in absence 
of chelating agent) 
MR =moles of metal bound per unit weight 
of cation exchanger 
(M) =concentration of metal ion in solu- 


tion at equilibrium 

ao =per cent of total metal used which 
is bound to exchanger 

(100—a,)—per cent of total metal used which 
remains in solution 

v =volume of solution 


g weight of cation exchanger. 
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Tasie 1—Urine Through Cation Exchange Columns (H Form) 


When the equilibrium reaction for chelate or 

complex formation is written as 

the apparent chelate formation constant, consider- 

ing concentrations equal to activities, is 

(MKe,) 

(M) 

If Ao, the distribution constant in the absence 
of chelating agent, and 2, the distribution constant 
in the presence of chelating agent, are determined, 
it can be shown that the equilibrium constant can 
be calculated from 


K Ke)* 
(Ao/A—1)=log log (Ke) 

In the single case that titration experiments 
indicated a compound which might form a lead 
complex as strong as PbCit", a comparison was 
made by equilibrating 50 ml. portions of solution 
0.16 M in NaCl, 0.001 M in complexing agent, 
and 4.8xX10° M in Pb with 0.5 gm. portions 
(air-dried weight) of 40 to 80 mesh Amberlite 
IR-120 cation-exchange resin in the sodium form. 
The pH of solutions had been adjusted to 7.4. 
Equilibrations were carried out in stoppered paraf- 
fin-lined Pyrex flasks. (Without paraffin, measur- 
able quantities of lead were adsorbed by the glass. ) 
The flasks were shaken continuously for a mini- 
mum of four hours at room temperature (23 to 
25 C) before aliquots of the supernatant solutions 
were withdrawn carefully for analysis. 

The procedure for determining PbCit~ stability 
constants was the same except that citrate con- 
centrations were varied and the flasks were kept 
in a thermostat at 25 or 37 C overnight. Contin- 
uous agitation was provided by an_ off-balance 
stirrer in the water bath. 


or log 


Results 


Detection of Complex.—Satisfactorily 
quantitative adsorption of lead in microgram 
quantities from urine specimens was ob- 
tained with columns of resin in the hydrogen 


Pb Present 
Y Pb in Pb in Pb in Total Pb (by Direct Analysis 
Sample pH Effluent, + Effluent, % Eluate, y Recovered, + of Urine), y 
5520 5.2 0.0 0 2.8 2.8 2.3 


5.9 
6.5 


0.8 11 
0.4 5 
0.1 2 
0.2 1 
0.9 11 
0.8 


6.3 
5.9 
6.7 
8(24)* 


5.9 


6.4 7.2 9.0 
7.7 8.1 7.5 


4.9 5.0 4.8 
18.4 
7.6 8.5 8.5 


* Patient had received edathamil calcium-disodium. 
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4 
6163 
13.0 13.8 12.3 
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Taste 2—Urine Through Cation Exchange Columns (Na Form) 


Pb in 
Effluent, y 


pH 
7.5 

4.9 

5.4 

9.6 

13 

0.2 

4.1 

4.1 

4.0 

11.8 

2.8 

12.4 

5.8 
6.7 


64.0 
45.0 


5.9 13.4 


* Patients had received edathamil calcium-disodium. 


Pb in 
Effluent, % 


Pb Present 
(by Direct Analysis 
of Urine), 


Pb in 
Eluate, y 


Total Pb 
Recovered, + 


2.3 9.8 
2.2 7.1 
3.8 
4.0 
4.4 
5.3 


2.8 


+ Adjusted by addition of HCl or NaOH before passing through column. 


form (Table 1). Effluent urine in every 
case was, of course, highly acid as a result 
of exchange of cations in the urine for hy- 
drogen ions of the resin. This acid condition 
evidently dissociated lead complexes, making 
lead ions available for adsorption by the 
resin. Even urine containing excreted 
edathamil released lead to the resin, from 
which it could subsequently be eluted with 
4N HCl. 

As a possible means of isolating lead from 
urine, and replacing wet or dry ashing to 
destroy organic matter, the ion-exchange 
procedure is rather slow—sometimes ex- 
tremely so, owing to plugging of the column 
by precipitation of uric acid in situ. 

With resin in the sodium form the ad- 
sorption of lead from urine was incomplete. 
Effluent urine in each case did not differ 
significantly in pH from that of the original 
sample. It appeared that the lead was either 
very firmly bound as a soluble complex or 
else was present as a colloidal precipitate. 
Results are summarized in Table 2. 

Recoveries of lead by ion-exchange agree 
reasonably well with the amounts found by 
direct analysis. Greater than 100% recov- 
eries in some instances are ascribed to con- 
tamination. 
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It is noteworthy in the cases of Samples 
5988 and 2622 that adjustment of pH to 
4.0 greatly reduced the proportions of lead 
escaping adsorption. In Sample 5988 at pH 
6.0 the fraction of lead passing through the 
column was increased. The presence of 
edathamil in urine as in Samples 8(24), 44, 
49, and 53 prevented significant transfer 
of lead from solution to resin. 


Since there were indications of a fairly 
strong lead complex or chelate in urine, 


column experiments were continued with 
solutions containing a possible complexing 
agent, added Pb*+*+, and NaCl. The NaCl 
served as a bulk electrolyte to maintain rea- 
sonably constant ionic strength. The pH 
was adjusted to 6.0 in all cases. 

Results are listed in Table 3 and show no 
evidence of strong complexing except pos- 
sibly in the case of the phosphate ion. It 
was observed, however, that traces of pre- 
cipitate formed in unused portions of phos- 
phate-lead-NaCl solutions after they had 
stood for a time. Further experiments 
yielded convincing evidence that insoluble 
lead phosphate particles were either being 
filtered out mechanically or being physically 
adsorbed by the resin. The limiting solu- 
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a 
3703 77 98 
545 69 6.0 3 
5707 59 9.3 
5806 71 13.8 
5988 23 53 ‘a 
5988 4 53 ae 
5988 59 = 6.9 5.3 
2617 47 4.6 8.7 9.6 a 
2618 44 5.0 9.0 10.5 ¥ 
2622 79 3.1 14.9 12.4 . 
2622 19 11.8 14.6 12.4 " 
98 0.2 12.6 10.8 
49* 99 04 64.4 63.3 : 
53° 100 0.0 45.0 44.3 Re 
8(24)* 9s 0.3 13.7 12.3 
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TaBLe 3.—Compounds Tested for Pb Complexing—lon-Exchange Columns 
(Na Form)* 


Concentration, 


Pb in Pb in 
Compound Mg/100 Ml. Effluent, + Eluate, y 
Allantoin 1 Pe f 9.7 
Ammonia 60 0.0 9.9 
Aspartic acid 10 0.3 11.1 
Bilirubin (Very dilute, faint color) 0.0 10.1 
Citric acid 3 0.8 9.9 
Citric acid 75 0.9 10.1 
Creatine 2 0.7 9.8 
Creatinine 100 0.1 11.5 
Cystine 10 0.3 9.4 
Glutamic acid 10 2.1 10.3 
Glycine 10 0.0 10.0 
Hippuric acid 60 1.2 9.8 
Hydrofluoric acid 0.04 0.1 9.7 
Leucine 10 0.7 10.2 
Methionine 10 0.1 9.4 
Oxalic acid 1.6 0.6 10.1 
Phosphoric acid 316 44 6.4 
Tartaric acid 10 0.3 9.7 
Tyrosine 10 0.0 7.3 
Urea 2,500 0.4 10.0 
Uric acid 60 0.6 9.9 


bility of lead in the presence of 0.03 M 
phosphate (approximate urine concentra- 
tion) at pH 6.0 and room temperature was 
found to be about 0.1 mg. per liter. 

Citric acid, even at the top of the range 
of concentrations occurring in human urine, 
750 mg. per liter according to Ostberg,!* 
failed to form a lead chelate stable enough 
to resist breakdown in the columns. 

Potentiometric Titrations——Of the com- 
pounds listed in Table 4, only citric and 
nucleic acids gave any indications of signifi- 
cant lead complexing. Titration curves were 
displaced markedly in the case of citric acid, 
slightly in the case of nucleic acid, when 
lead was present. No lead precipitation 
occurred in either case. 
in Figures 2 and 3. 

During the titration of mucic acid with 
lead present precipitation occurred at pH 
3.7.. Apparently an insoluble lead mucate 
was formed. No further investigation of 
this incidental finding was made. 


Curves are shown 


* All solutions: volume, 25 ml.; 0.4 -y Pb per milliliter; 0.04 gm. NaCl per milliliter; pH=6.0. 


TABLE 4.—Compounds Tested for Pb Complexing—Potentiometric Titrations 


Resin-Solution Equilibrations and Stabil- 
ity Constant Determinations—When the 
lead complexing tendencies of nucleic and 
citric acids were compared by means of 
resin-solution equilibrations, citrate was 
found to form the stronger complex (Table 
5). 

Stability constant data for PbCit~ ob- 
tained by ion exchange are summarized in 
Table 6. Determinations of log K, at differ- 
ent concentrations of citrate are in good 
agreement. Log K, apparently increases 
with an increase in temperature. 


Comment 


Several facts support a conclusion that 
lead in urine is bound as a strong neutral 
or negatively-charged chelate or complex: 1. 
Lead in urine passed through short columns 


of cation-exchange resin in the sodium 


form is not completely adsorbed by the 
2. Lead in solutions similar to urine 


resin. 


Acetic acid Glycerin 
Acetylsalicylic acid Glycerophosphoric acid 
Aconitic acid Glycine 
p-Aminobenzoic acid Hippuric acid 

Ascorbic acid Histidine 


Carbonic acid 
Citric acid 
Creatine 
Formic acid 
Fumaric acid 
Gluconic acid 
Glucuronie acid 
Glutamic acid 


Hydrofluoric acid 
Hvdroiodie acid 


Indole-acetic acid 
Inosito! 
a-Ketoglutaric acid 
Lactic acid 


8-Hydroxybutyric acid 


Malic acid 

Mandelic acid 

Music Acid 

Nicotinic acid 

Nucleic acid (from yeast) 
Pantothenic acid 
Pyridoxine hydrochloride 
Pyruvic acid 

Saccharic acid 

Succinic acid 

Tartaric acid 

Thiamine hydrochloride 
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MOLES KOH AMOLE CITRIC ACID 


Fig. 2.—Titrations of citric acid with KOH 
0.1 M KCl. A, 0.001 M free acid; B, 0.001 
acid+0.0005 M Pb**; C, 0.001 M acid+0.001 
PS. 


in ionic strength, lead concentration, and 
pH is adsorbed practically completely by 
such columns of resin. 3. The proportion of 


TasLe 5.—Resin-Solution Equilibrations 


Complexing Anion Remaining in Solution,% 
Citrate 62 


Nucleate 55 


* Solutions: pHi=7.4; 0.16 M NaCl; 1y Pb/per milliliter’ 
volume, 50 ml.; weight of resin, 0.500 gm. 


lead adsorbed from urine is influenced in- 
versely by the urine pH, which suggests the 
presence of a chelating anion whose concen- 


TABLE 6.—Stability Constant of Lead Citrate Complex * 


Molarity of Citrate Temperature, C 
25 C 
25 C 
25 C 
25 C 


25 C 


37 C 
0.0005 37 C 


0.001 37 C 


4 


i 2 3 


MOLES KOH/MOLE NUCLEIC ACID 


Fig. 3.—Titrations of nucleic acid with KOH 
in 0.1 M KCl. A, approximately 0.001 M free acid 
(1.30 gm. per liter of nucleic acid from yeast, 
practical) ; B, with 0.0005 M Pb**. 


tration is pH-dependent. Since the lead 
citrate chelate failed to survive passage 
through the resin columns and since the 
PbEDTA~~ chelate did survive, the natural 
urine chelate or complex would seem to be 
intermediate in stability between PbCit— 
and PbEDTA~-~. On the other hand, the 
column experiments do not prove conclu- 
sively that such a natural complex exists. 
Although urine samples were either centri- 
fuged or filtered to remove suspended mat- 
ter to which lead may have been 
attached, the lead might have been present 
as a colloidal precipitate. Ultrafiltration or 


ions 


Pb in Solution, % 


8.5 
49.3 
56.4 


47. 4.52 


64.9 4.55 


* pH=7.4; u=0.16 (with NaCl); 1.0 y Pb per milliliter; volume, 50 ml.; weizht of resin (oven-dried basis), 0.418 gm. in all cases. 


Nelson—Hamm 


43 


8 8 4 

a/ 8 

7 ? 

6 

pH af ofc oH 
5 5 

4 4} 

39 ' 4 4 

in 

M 

M 

Pb 

1,286 

123 4.32 = 

92 4.24 

61.7 74 4.21 tL 

0.005 66.0 2i 4.08 

23 

4.9 2,318 


A, 


dialysis experiments would have to be done 
to prove or disprove the existence of lead 
in true solution. Presumably it would be so 
during the excretory processes in the kidney 
glomeruli, but the form of lead may change 
during passage of urine through the kidney 
tubules, 

Though the compounds tested for lead- 
complexing properties were selected after 
considering the nature of the compounds, 
their occurrence in human urine or blood, 
and their metal chelate stability constants, 
it would be fortuitous indeed if the right 
compound—of all those present in the body 
—were among the compounds chosen. Ac- 
cording to the experiments reported here, 
it was not. Citrate is more likely than any 
of the others, but no conclusive evidence in 
favor of citrate was obtained. 

The difference in log K, for PbCit~ 
found by ion-exchange methods (log K,= 
4.2) and by Kety’s potentiometric measure- 
ments (log K,.=5.74) under similar 
conditions of ionic strength, pH, and tem- 
perature can hardly be due to chance errors. 
Certain approximations implicit in one or 
both methods may be unjustified. Calcula- 
tions from citrate titration curves in Figure 
2, however, give results nearer the ion- 
exchange values. From Curve B at pH 5.0 
and 4.0 log K, is 4.70 and 4.89, respectively. 
l'rom Curve C the corresponding figures 


are 4.53 and 4.74. 


Donabelle M. Swingle, Leta W. Christensen, 
and Mildred C. Cameron, of the Department of 
Hygiene, American Smelting and Refining Com- 
pany, assisted in carrying out the lead determina- 
tions essential to this study. 
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Chronic Toxicity of 3-(p-Chlorophenyl)-1,1- 


Dimethylurea (Monuron) 


HAROLD C. HODGE, Ph.D.; ELLIOTT A. MAYNARD, Ph.D.; WILLIAM L. DOWNS, M.S., and 


ROBERT D. COYE, M.D., Rochester, N. Y. 


The use of herbicides in agriculture and 
industry is becoming increasingly important. 
Compounds which control weeds without 
damaging crops reduce the need for exten- 
sive cultivation and thus reduce the cost of 
farming; on industrial sites, the elimination 
of undesired plant growth reduces mainten- 
ance costs. 

Monuron ( 3-[ 
ylurea)'* has been found to be an effective 
herbicide for the control of many annual 
and perennial grasses and herbaceous weeds. 
When applied at rates of 16 to 64 Ib. per 
acre, it has been found to prevent growth 
of nearly all vegetation for a period of many 
months. This control of vegetative growth 
has proved useful in areas such as highway 
right-of-ways, railroad yards and right-of- 
ways, lumber yards, petroleum tank farms, 
drainage ditches, and industrial plant sites. 
When used at a much lower application rate, 
from 1 to 6 Ib. per acre, Monuron has 
proved valuable in selective weed control 
among crops such as asparagus, citrus fruits, 
cotton, grapes, onions, pineapple, spinach, 
and sugar cane. Residue tolerances set by 
the U.S. Food and Drug Administration for 
such established uses fall in the range of 
from 1 part per 1,000,000 for most crops 
to 7 parts per 1,000,000 for asparagus. 

In recognition of the possible exposure 
of humans and animals to Monuron, ex- 
tensive chronic toxicity tests were completed 
prior to establishment of the residue toler- 
ances. This report describes the results of 


Received for publication June 24, 1957. 
From the Division of Pharmacology and Toxi- 


cology, University of Rochester, School of Medi- 
cine and Dentistry. 


feeding Monuron for two years to rats and 
for one year to dogs. 


Experimental Studies 


Two-Year Feeding Study in Rats.—lrom 
a large group of weanling albino rats 
(Rochester strain, ex-Wister 1953), four 
groups of 30 male and 30 female rats each 
were selected and matched approximately 
for average initial body weights. The rats 
were containing 
Monuron in concentrations of 0 (control 
group), 0.0025%, 0.025%, and 0.25%. 
Diets were prepared by mixing the appro- 
priate amounts of Monuron into the basal 
ration of Purina Fox Chow Meal with meat 
or Purina Chow Meal (depending on the 
availability). A meal with meat was used 
in the first year of the study and meal with 
cheese scrap was used during the second. 


maintained on_ diets 


Both diet and tap water were supplied ad 
libitum, The rats were housed in basket- 
type cages, five to a cage initially. 

From the start both male and female rats 
receiving the of Monuron 
(0.0025% and 0.025%) grew indistinguish- 
ably from the controls. Male rats given 
0.25% Monuron showed a growth retarda- 
tion of 20 gm. after the first month; these 
rats maintained this moderate weight dif- 
ferential thereafter. similar but less 
marked growth depression was noted in the 
female rats fed 0.25% Monuron. 

sy the end of the second year the mor- 
tality was quite high in all groups, viz., 70% 
to 90%. Several epidemics of upper re- 
spiratory infection and one epidemic of a 
highly virulent pneumonia were responsible 
for the high mortality. Life span (median 


lower doses 
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survival time) was not reduced by the doses 
of Monuron given. 

Hematological examinations were made 
on 14 occasions during the two years. Both 
male and female groups given 0.25% of 
Monuron exhibited a consistent but slight 
anemia. Otherwise, the values lay in the 
normal ranges. 

At intervals during the two-year period, 
pooled urine samples were collected in 
metabolism cages. Normal sugar and pro- 
tein percentages were found. 

At the end of the two-year period the 
surviving rats were killed by decapitation, 
and a gross autopsy examination was per- 
formed. Weights of liver, kidneys, testes, 
lungs, brain, stomach, heart, and spleen 
were recorded. The livers and spleens of the 
female rats given 0.25% of Monuron were 
somewhat heavier than those of the other 
groups. A small increase was noted in the 
average testes weights (basis body weights ) 
with increasing dosage; however, the con- 
siderable overlapping of individual testes 
weights from group to group left the sig- 
nificance of this trend in doubt. Otherwise 
organ weights were normal. 

Histological studies of kidney, heart, 
brain, lung, spleen, liver, adrenal, bladder, 
gonad, stomach, small and large intestine 
and bone marrow failed to reveal any lesion 
that was attributed to the administration of 
Monuron, The frequently occurring patho- 
logical changes of old rats were found, for 
example, liver abnormalities, pulmonary le- 
sions, chronic kidney lesions (pyelitis and 
pyelonephritis), bladder calculi, and para- 
sitic infestation of the urinary tract. The 
livers and spleens of the female group given 
0.25% Monuron, despite the increase in 
size, were normal histologically. 


Twenty-four tumors of various kinds 
were found; most of these were either the 
common fibroadenomata of the breast or 
lymphomata. In addition, 30 deaths during 
the two-year period were attributed to 
spontaneous tumors. The over-all incidence 
is within the range of tumor occurrence in 
our control colony.” These tumors oc- 
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curred in the control as well as the ex- 
perimental groups; there was no indication 
that Monuron is cancerogenic. 

One-Year Feeding Study in Dogs.— 
Groups of young adult beagle dogs, one fe- 
male and one male per group, were. given 
the following daily doses of Monuron for 
one year: O(control group), 2.5, 12.5 and 
25 mg/kg. body weight mixed into the ra- 
tion of Purina Dog Chow. Tap water was 
supplied ad libitum. With two minor ex- 
ceptions, the health status of the dogs did 
not change throughout the year: 1. One 
dog became lame and recovered after being 
treated with penicillin. 2. A female receiv- 
ing 2.5 mg/kg/day gave birth to a litter 
of normal puppies. 

Body weights were recorded at weekly 
intervals. Slight weight gains, more notice- 
able in males than females, were recorded 
in all groups. 

Urine samples collected at the end of the 
year gave values within the normal ranges 
for sugar and protein. 

A total of 20 blood samples taken pre- 
experimentally, at intervals of two weeks 
for six months and thereafter at monthly 
intervals showed normal hemograms. 

At the end of the study the dogs were 
killed by the intravenous administration of 
a large dose of a soluble barbiturate. The 
liver, kidney, lungs, brain, heart, and spleen 
were dissected free and weighed. The or- 
gan weights lay in the normal ranges. 

Microscopic examination of the heart, 
lungs, spleen, stomach, small and large in- 
testine, pancreas, liver, adrenals, kidney, 
urinary bladder, gonads, thyroid, bone mar- 
row, and brain failed to reveal any lesions 
caused by the ingestion of Monuron. A 
number of abnormalities presumed to be un- 
related to the treatment were found: (a) 
Low-grade chronic interstitial changes in the 
kidneys were sometimes seen. (b) An acute 
ulcerative lesion in the breast tissue on one 
dog was observed. (c) One dog exhibited 
a small area of preexistent hemorrhage of 
the brain. 
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CHRONIC TOXICITY OF MONURON 


Comment 
In the chronic studies of rats and dogs, 
25 mg/kg. body weight of Monuron has 
been shown to be a noneffective dose even 
on long-continued administration. Approxi- 


mately 10 times this dose was associated 


with (a) growth retardation, (>) a slight 
anemia, and (c) liver and spleen weight in- 
The noneffective 
level, if expressed as the concentration in 
the diet to give the same dose for rats and 
dogs, falls in the range of 250-500 ppm of 
the diet. This concentration range exceeds 


creases (in female rats). 


by 35-70 times the residue tolerance figure 
for asparagus and by 250-500 times the 
residue tolerance figure for most crops. If 
man is no more susceptible to the toxic ef- 
fects of Monuron than are rats and dogs, 
and assuming that only a minor fraction 
of the human diet will contain Monuron, 
the margin of safety in the established resi- 
due tolerances seems adequate. 


Hodge et al. 


Drs. Charles Bowerman and Robert Neubecker 
assisted with the histological examinations; Dr. 
Philip Chen with the urine analyses; Aurora Johns 
and Jean Mitchell with the hematograms, and Drs. 
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Air Foree Personnel 


COL. GEORGE M. KNAUF (MC), U. S. A. F. 


The purpose of this talk is to review 
the general problem of the biological effects 
of electromagnetic radiation, as that prob- 
lem is seen in the Air Force, and then to 
discuss in a very general way what is pro- 
posed in an effort to provide satisfactory 
answers to the questions that have arisen 
in connection with research and develop- 
ment in this general area. As a result of 
several questions that have been asked of 
me since my arrival, it would appear that 
a few words of introduction or explanation 
are in order. Our high-power radars give 
off energy of four types—x-radiation, ultra- 
violet radiation, infrared radiation, and 
microwave radiation. Our effort is directed 
toward producing more and more of the 
last—microwave radiation. This energy 
falls in the electromagnetic spectrum in 
frequency above ordinary radio waves and 
below infrared waves. These divisions in 
the spectrum are academic. Actually one 
merges with the other. I shall, this morn- 
ing, ignore those other forms of energy. 
Everything I say will refer to microwave 
radiation. 

Our concern is with this energy in space 
where it might become a part of our en- 
vironment. Let me explain. We direct a 
beam of this energy in the form of intermit- 
tent pulses or bursts in space by means of 
an electrical reflector or antenna. This 
energy obeys many of the laws of light, 
traveling in a “line of sight” fashion, as 
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it were. Upon striking an object in its path, 
it is reflected back to its point of origin to 
be received and interpreted. We are actually 
concerned only with the projected beam and 
its reflections. In another sense, this energy 
behaves in some respects like liquid. It 
will not flow readily on wire as is the case 
with ordinary electricity. It is necessary 
to conduct this energy from point to point 
by means of a pipe to which we have given 
the name “wave guide.” It is interesting 
to note that if the joints in the pipe are not 
tight, the energy will leak out into the sur- 
rounding area much after the fashion of a 
leaking water pipe. 


‘ 


This discussion will be limited to that 
portion of the electromagnetic spectrum 
which deals with energy in what is generally 
termed the microwave area, in point, 
frequencies extending from about 25 mega- 
cycles up through 60,000 or 70,000 mega- 
cycles. Our research effort today involves 
the frequencies mentioned, and it is in this 
general area that problems have developed, 
largely by reason of the current trend 
toward an ever-increasing power output at 
the frequencies commonly in use at the 
present time. Up until the present time, 
the power output of radar equipment gen- 
erally in use has been so low that we have 
not been forced to consider it a serious 
hazard. Today, however, we can foresee 
peak powers as high as 100 megawatts with 
average power reaching the staggering level 
of 600 kilowatts. In the past, it has been 
difficult to stimulate interest in research in 
this area since the power level seemed to 
be below any level of biological significance. 
The past couple of years, however, have 
seen the introduction of equipment with 
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power output several orders of magnitude 
greater than anything we have experienced 
before, with even greater power just around 
the corner. Of course, this has stimulated 
a great deal of interest in the area of pos- 
sible biological effects which may result 
from exposure to this form of energy. Un- 
fortunately, we who are the principal pro- 
ducers and users of this form of energy, 
have found ourselves particularly destitute 
in the matter of factual information. It is 
bad enough that we are without factual data 
to offer, but matters have been made much 
worse in the last couple of years by con- 
flicting reports which have been circulated 
in channels generally considered to be re- 
liable. These reports establish widely diver- 
gent allowable exposure which 
man may be exposed without suffering 
physiological damage. It might be interest- 
ing to review one segment of this problem. 
About two years ago we at the Rome Air 
Development Center reviewed the research 
which had been accomplished up to that 
point on the biological effects of microwave 
radiation and arrived generally at the fol- 
lowing conclusions: A power density of 
approximately 0.2 w/cm? seemed to be 
the point at which a division between effect 
and no effect could be predicted.’’ A careful 
review of the manner in which the experi- 
ments were conducted, animals exposed, and 
instrumentation accomplished led us to be- 


levels to 


lieve that in all probability the animals 


involved had been subjected to more energy 
than the reports indicated. This led to the 
belief that the reported figure of 0.2 w/cm? 
constituted a conservative estimate and a 
level which could be accepted as the level 
below which one might reasonably antici- 


pate no appreciable biological effects. We 
felt that, with the uncertainty which sur- 
rounded the instrumentation used, it would 
probably be wise to build into our thinking 
a factor of safety. Hence we published a 
maximum level of 0.01 
w/cm.? This was disseminated to interested 
commands and agencies as being the level 
at which we would fix the maximum per- 


safe exposure 


Knauf 


missible ambient energy level. This ap- 
peared to be a safe and reasonable level 
and one which could be maintained in the 
laboratory. This level stood uncontested 
for only a short time. Some few months 
later, the laboratories of one of our larger 
industrial contractors published a report? 
which established a maximum allowable 
energy level for human exposure at 0.001 
w/em.2 In spite of a careful review of 
that report and a reevaluation of our posi- 
tion, we were not able to find sufficient 
reason to modify our established level of 
0.01 w/em.2 So we proceeded for some 
months with two widely divergent allowable 
levels. Some few months ago, another in- 
dustrial laboratory, again a respected mem- 
ber of the industrial medical fraternity, 
published a report*® in which they spon- 
sored a level of 0.0001 w/cm? as being the 
level above which biological effects might be 
anticipated. In spite of our best efforts, we 
have not been able to develop one sincere 
reason why we should be suspicious of 
biological effects that might result from 
exposure to this level of electromagnetic 
energy at any point in the frequency spec- 
trum. As a result, we have not found it 
possible, in good conscience, to accept this 
level. So today, we have three levels which 
are sponsored by three of the larger pro- 
ducers or users of this form of energy and 
which are widely separated. It is immedi- 
ately apparent that all three cannot be right. 
After careful consideration of the forego- 
ing, the Air Force has decided to embark 
on a program of investigation of the pos- 
sible biological effects of microwave radia- 
tion and perhaps bring to an end this era of 
speculation and conjecture. This research 
is approached with the full realization that 
we may demonstrate no effect other than 
that which might be attributable to heat, 
but it is felt that there is an urgent need 
such negative In ap- 
proaching this problem we have established 
several First, of 
course, it is extremely important that we 
determine whether there are any intrinsic 


for even reports. 
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effects resulting from exposure of living 
tissue to microwave energy or whether the 
thermal effect is the only result. We have 
asked ourselves whether the biological ef- 
fects might be frequency dependent; 
whether there are areas in the frequency 
spectrum which might produce specific 
molecular resonance within the body struc- 
ture or perhaps influence enzymatic changes 
in some subtle way. We have asked our- 
selves whether the repetition rate, or pulse 
rate, of our equipment might have some 
significant effect biologically. We want to 
be sure that the intermittent, rhythmic, or 
cyclic application of this energy does not, 
by its nature, induce a_ physiological re- 
sponse. We have asked ourselves, too, 
whether there might be biological windows 
in the microwave frequency spectrum or 
areas in which the effect produced by this 
energy might be more pronounced than in 
others, or, conversely, areas where no ef- 
fect is produced. This information, of 
course, would be of great value in our plan- 
ning, should we be able to identify areas in 
which power output could be relatively un- 
limited without the risk of inducing harm- 
ful effects upon man. We carefully 
surveyed the existing literature to be certain 
the answers to our questions were not to 
be found there. We found, in general, that 
the work which has been done to date has 
been accomplished within very narrow 
physiological parameters. For the most part, 
these investigations have consisted of care- 
ful studies of the effect of this energy on 
selected organs or systems ** but that in no 
instance has there been a good comprehen- 
sive program which took a hard look at the 
effect upon the total physiological economy 
of man. We found that for the most part 
these investigations have been conducted in 
the middle range of our spectrum of use.*® 
We have found instances in which investi- 
gators have postulated the effect upon man 
of energy at one frequency and power den- 
sity based upon investigations conducted at 
an entirely different frequency and power 
density. We have not found it possible to 
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accept this premise, since it seems fairly 
well established that certainly the ability of 
this energy to penetrate living tissue varies 
widely with the frequency of the energy 
applied. We intend to sample the frequency 
spectrum. Obviously, it is impossible to 
do comprehensive research at each of the 
frequencies in use. We have adopted a 
middle-of-the-road path by setting out in- 
itially to sample the spectrum at certain 
selected frequencies. Availability of funds 
and availability of research groups to ac- 
complish this research have dictated that 
our initial sampling be at four or perhaps 
five areas based, first, upon the common use 
of the frequency; that is, we have elected 
to sample at points where we have in opera- 
tion the greatest amount of equipment. We 
next considered frequencies based upon a 
consideration of biological possibility of 
effect, as evidenced by data currently avail- 
able in allied fields of interest.1° After a 
careful consideration of the foregoing fac- 
tors, we arrived at a decision that our pur- 
pose would be best served if wé sampled 
the frequency spectrum initially at 200, 
3000, 10,000, 24,500, and 35,000 mega- 
cycles. We have, to date, contracts either in 
being or in the process of negotiation with 
competent university groups at each one of 
these frequencies. We have expressed a 
desire that each of these investigating 
groups be a closely knit team, made up of 
physicians, biologists, physicists, electronic 
engineers, and allied specialists. We feel 
that a combination of talent such as this 
offers us the best promise of acquiring the 
information we so urgently need. We have 
laid down some basic guide lines to be built 
into each one of the programs. Our re- 
search tasks have been so designed as to 
provide quantitative data on the penetration, 
absorption, and reflection characteristics of 
the microwave energy in all tissue explored 
and to give us quantitative measurements of 
the radiation intensity at all levels of tissue 
exposed, together with a critical analysis 
of the temperature changes at each level of 
penetration. We propose that these experi- 


Vol. 17, Jan., 1958 


3 
4 


BIOLOGICAL EFFECTS OF MICROWAVES 


ments be conducted in both acute and 
chronic exposure phases for each series of 
experiments. At each frequency selected 
we will accomplish studies of the eye, the 
hollow viscera, certain special organs and 
glands, and tissue cultures. These studies 
will be both functional and morphological in 
nature. We propose to investigate the ef- 
fects of microwave radiation on peripheral 
nerve functions as well as any demonstrable 
effect on the structures enervated by these 
nerves. We are interested to learn whether 
exposure to microwave energy has any in- 
fluence on the impulse conduction rate in 
the peripheral nervous system and particu- 
larly any resultant effect on nerves lying 
close to the body surface. We feel that 
significant morphological or functional ef- 
fects might well be too subtle to produce 
detectable changes and that investigators 
should look for possible genetic, biochemi- 
cal, or enzymatic changes, or for the release 
of free radicals. We realize that this is a 
comprehensive program which will be ex- 
pensive in both man-hours and dollars. We 
realize that results from this program can- 
not be anticipated for some time to come. 
The program is under way, and we must 
patiently wait results. In the meantime, 
however, the problems which I touched 
upon at the beginning of my talk are still 
with us. To cope with these problems today, 
we have adopted certain arbitrary operating 
procedures to preclude the possibility of 
injury to our personnel, pending the acqui- 
sition of factual data. In our laboratories, 
we have established an arbitrary maximum 
ambient power level of 0.01 w/cm.2 We 
have organized monitoring teams whose job 
it is to make repeated spot checks through- 
out our laboratory complex to insure that 
this level is not exceeded. We have discon- 
tinued the practice of air loading test equip- 
ment and require now that the output of 
high-power microwave generators be in all 
cases dissipated in a dummy load or a water 
load. Where the nature of the test requires 
free-space radiation, we prescribe that the 
radiating device be so located that it does 
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not direct its beam toward inhabited struc- 
tures or any other personnel grouping. We 
are conducting an educational program 
among our people, particularly in the lab- 
oratories, to impress them with the fact 
that it is most unwise to expose themselves 
unnecessarily to this form of energy. We 
hope that with these interim precautions, 
we can avoid injury to our people until 
such time as our research can provide us 
with factual data on which we may base a 
scientifically sound system of laboratory 
discipline. We have recognized belatedly 
the potential hazards involved in exposure 
to this form of energy and have taken 
certain steps to avoid being embarrassed 
again by having equipment enter the Air 
Force inventory without our first having 
investigated the toxicological characteristics 
of such equipment. As research is approved 
and funded, the Surgeon designs the re- 
quired supportive medical research tasks, 
so that when the system or device is com- 
pleted it will go to the field complete with 
the necessary toxicological data. Our per- 
sonnel have recognized the validity of in- 
corporating this medical research in the 
development program. This supportive 
medical research is now an integral part of 
the development project. We believe that 
all of this marks a significant change in 
thinking in the operation of the Air Force 
research plan. By means of the factors 
enumerated above, we feel that we will 
first, by way of our current research pro- 
gram, catch up on the enormous backlog 
of required data that has built up in the 
past decade. We believe that with the arbi- 
trary precautions described we will protect 
our people from harm while we await the 
product of this research and that with the 
program of project and task review, we 
should be able to anticipate the problems 
which will arise in the use of equipment in 
the future and be ready when the time 
comes to establish the desired degree of 
industrial medical protection for our people. 

That concludes the prepared portion of 
my talk. However, I have been asked to 
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comment on an item that appeared in the 
press at the end of last week concerning 
a radar death. Some of you may have read 
this article. electronics 
technician who was reported to have been 
killed by an accidental exposure of less 
than one minute to the beam of an unidenti- 
fied radar set. I am afraid that I cannot 
comment very intelligently from a clinical 
point of view on this case because I find 
myself confused after I have studied it 
clinically. I have read the original article in 
California Medicine carefully. As a mat- 
ter of fact, I have read this article repeat- 
edly to be certain I have not missed 
anything vital to the author’s conclusions. 
I have also read the dispatch which was sent 
out by the news agency to its affiliates and 
upon which the story, appearing in the 
press, was built. A long time ago, Elbert 
Hubbard said, “It is better to remain silent 
and be thought a fool than to open your 
mouth and remove all doubt,” and this is 
what I’m afraid I am going to do now. 
After a careful study of this case report, 
This 
technician did work in some capacity with 
some source of microwave energy, probably 
a radar set, and he is dead. I note certain 
other positive things in the case report. 
This man did have acute appendicitis. This 
was diagnosed and later confirmed at au- 
topsy. On the 10th postoperative 
evisceration of the abdominal wound oc- 
curred and he went into profound shock. 
He did not recover from this shock and 
died still in shock 24 hours later. I am 
sure the author of this article must have 
some good reason for blaming radar for 
this man’s death, but I must confess I can’t 
find that reason in the article. Perhaps, for 
reasons of his own, the author felt it best 
not to disclose that reason. I do know that 
people do die of acute appendicitis and I 
do know that people can die in profound 
shock, but I do not know of any death 
which can be properly attributed to radar 
which has occurred in the Armed Forces, 
where we use radar to a great extent. I 
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might add that we use radar daily in very 
much higher power than that alluded to in 
this article. As I say, I feel quite certain 
that the author must have had reasons of 
his own for ascribing this death to an un- 
known, such as microwave energy, rather 
than to appendicitis or profound shock, 
which are well established in medicine as 
potential causes of death. I do think, how- 
ever, this case report points out beautifully 
the need for additional research in the area 
of the biological effects of microwave radia- 
tion in order that we may have in our pos- 
session facts which may be used to evaluate 
these suggested results of exposure to this 
form of energy. 

Rome Air Force Depot, Griffiss Air Force Base, 
N. Y. 
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One of the most challenging tasks facing 
this country today is the provision of an 
adequate number of highly trained young 
naval aviators to meet the needs of our 
modern electronic, atomic, and supersonic 
Navy. This is the assigned mission of the 
Naval Air Training Command which has 
its headquarters at Pensacola, Fla. Nearly 
3500 of these competent young specialists 
must be produced annually. How this is 
done and how the disciplines of psychology 
and psychiatry contribute to this monu- 
mental task will be developed in this paper. 


Preventive Medicine in Naval Aviation Training 
The Cooperative Efforts of Psychology and Psychiatry 
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Chart 1 


proximately one out of a hundred, to seek 
to become a naval aviator. We are in com- 
petition with the nonaviation areas of the 
Navy, the Air Force, the professions, in- 
dustry, in fact, all occupations open to the 
youth of today. These young men must be 
persuaded to interrupt their lives for four 
years (we'd like them to stay longer), to 
enter an arduous training program leading 
to a hazardous occupation with limited 
guarantees for the future. Procurement is 
thus the first problem. The Aviation Psy- 
chology Laboratory, staffed by some 20 


YEARLY STATISTICS 
ON 


NAVAL AVIATI CADET SELECTION PROGRAM 
Total Males 
Population 18-25 Unmarried 2Yr.or Volunteer Attrition 
More 
College Medical Psychol. Other 
410% 12% 2%-5% 
170,000,000 8,000,000 5,000,000 800,000 6000 2800 (Nav. Cad. Pool) 

Manopwer Policy Motivation Aviation 
for Medical 
Aviation Control 


The real limitations in our manpower 
pool are shown in Chart 1. Our require- 
ments are that we take physically and men- 
tally fit young men between 18 and 25 years 
of age. Annually then this pool is 800,000. 
Irom this we must interest 6000, or ap- 
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highly trained people, at the Naval School 
of Aviation Medicine enters this picture in 
the area of motivation research at the pro- 
curement level. Why do some young men 
enter this program? Where did they hear 
of it and why did they decide to become 
naval aviators? Research showed that cer- 
tain factors had more “sales appeal” to the 
potential recruit than others (Chart 2). 
Once a candidate is interested, the next 
step is the examining room. Here he re- 
ceives a complete flight physical examina- 
tion by a trained naval flight surgeon and 
a brief nondirective interview for the pur- 
pose of evaluating his family background, 
past health, attitudes, emotional maturity, 
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Chart 2 


The Single Factor That Had the Most ‘‘Sales Appeal”’ 
to AOC Candidates 


Per Cent 


Learning to fly 

uick commission 
Naval aviators best in world 
Navy team spirit high 
Good pay 
Job security and retirement benefits 
Earnestness and enthusiasm of recruiter 
High regard for program by N/C friends 
Adventure and thrill 
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freedom from neurotic tendencies, and his 
general suitability for training. If the flight 
surgeon passes him—and about 60% of 
applicants are passed—he then undergoes a 
battery of psychological tests which have a 
highly significant validity. These include an 
Aviation Qualification Test, which is an 
intelligence test or measure of academic abil- 
ity, a Mechanical Comprehension Test, a 
Spatial Apperception Test, and a Biographi- 
cal Inventory. These last three are together 
used to develop a composite score known 
as the FAR, or Flight Aptitude Rating. The 
efficiency of this rating as a predictor of 
successful completion of flight training is 
shown in Chart 3. Twelve per cent of all 
candidates reaching this stage are failed as 
a result of these tests. Since it costs cur- 
rently about $93,000 to train a young man 
to be a naval aviator we must eliminate 
those whose chances of success are poorest. 
Good candidates are very valuable people. 
And we know that about 25% of the men 
who pass all these tests will ultimately fail 
to complete the program and receive the 
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wings of a naval aviator. In general our 
selection problems are little different from 
industrial or other military training situa- 
tions. The objective is to keep attrition 
down to an optimal level and quality up. 
Our research is thus focused on the develop- 
ment of predictive tests, the identification of 
nontest predictors, and the continued im- 
provement of secondary selection during 
training. 

Now the student enters the program 
(Chart 4). During his ground school train- 
ing at the Naval School, Pre-F light, interest 
centers on the man’s adjustment to the pro- 
gram at this level. Attrition is less than 
5% in this phase. The psychiatry depart- 
ment finds a few who cannot or will not 
conform to military requirements, whose 
poor study habits prevent their keeping up, 
or who cannot adjust away from home in 
the impersonal environment of an all-male 
society. Those who fall by the wayside are 
studied individually by the psychiatric unit, 
and appropriate dispositions are recom- 
mended. 

The successful student moves into actual 
flight training. Here we find the greatest 
percentage of our attrition—as he begins to 
fly and before he soloes. Some men simply 
do not possess the required neuromuscular 
coordination and thus become flight failures. 
Here, too, the human frailty of anxiety be- 
comes a real problem. Flight training is a 
person-to-person affair. Friction between 
instructor and student, fear of failure, deep- 
seated fears of being maimed or losing one’s 
life—all of these tensions are added to the 
real problem of learning to fly an airplane 
in a safe and proficient manner. Airsick- 
ness, backache, diarrhea, decreased visual 
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acuity, hyperventilation and its familiar 
sequelae, and hypochondriacal concern over 
minor illness and injuries may indicate a 
transient personality decompensation in the 
face of this new and threatening experience. 
These problems make up the bulk of the 
flight student practice of the psychiatric 
unit. Two psychiatrists and a clinical psy- 
chologist are available for consultation. 
Flight students who suffer from these symp- 
toms are first studied by the flight surgeons 
at the field. There are six air stations in the 
Pensacola area with their associated outly- 
ing practice fields. The majority of the stu- 
dents who experience troubling symptoms 
are handled by these trained flight surgeons, 
themselves versed in practical psychiatry. 
Those needing additional help are referred 
to the psychiatric clinic at the School of 
Aviation Medicine. No student is ever re- 
moved from flight training as a “medical 
drop” until he has been thoroughly studied 
by specialists and his salvage is deemed im- 
possible. Even then he appears before a 
Medical Board of four senior flight surgeons 
for a final review of his case. 

Psychological studies of the progress of a 
student during these early phases led to the 
development of what is called a “progress 
grade” which can be determined as early as 
Pre-Flight and which has a significant pre- 
dictive value as to a student’s ultimate suc- 
cess. Ninety-three per cent of students have 
satisfactory progress grades and these have 
far fewer Student Pilot Disposition Boards 
during training than those with unsatisfac- 
tory progress grades. 

As the flight student continues in training 
he is the subject of continued study and su- 
pervision from both disciplines. The flight 
surgeon at the field and the psychiatric unit 
one step behind him are interested in the 
man individually as a potential naval aviator 
and naval officer. Is he progressing satis- 
factorily in his learning? Is his health meet- 
ing the demands of his environment? Is he 
adequate in terms of officer-like qualities, 
leadership, and emotional maturity? The 
Aviation Psychology Laboratory has a more 
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general view of the student as another po- 
tential aviator. What problems is he en- 
countering that could be eliminated? Are 
teaching methods satisfactory? Are admin- 
istrative regulations or faulty designs add- 
ing to his problems? Other important areas 
studied are accident causation and preven- 
tion, and instructor-student relationships. 

One remaining important area of research 
is that of evaluating how the Training Com- 
mand itself is meeting the needs of the fleet. 
We call this “quality control.” Recently 
psychologists from the School of Aviation 
Medicine interviewed over 90 squadron com- 
manders to learn if they were satisfied with 
the recently graduated naval aviators coming 
to them from the Training Command. These 
senior aviators designated their good and 
their not-so-good new pilots. When training 
records of these young pilots were critically 
evaluated, it was found that you could go 
clear back to A stage, primary training, and 
predict fleet performance on the basis of 
flight grades because flight grades in A 
stage and performance in the fleet had a 
high correlation, 

ut some of you may be more interested 
in what the doctors do, the Naval flight 
surgeons. Each of the clinical departments 
at the School is headed by a senior flight 
surgeon who is also Board-certified in his 
specialty. Ophthalmology, otorhinolaryngol- 
ogy, neuropsychiatry, and cardiology are 
important clinical areas in Aviation Medi- 
cine. This is not to minimize aviation phys- 
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Neuropsychiatric Clinic, School of Aviation Medicine, 1956 


Number of People Studied or Treated 
Psychiatry 
Neurology 86 732 


Student aviators 


240 (5000) 5% 
Flight instructors 


2 (1200) 0.16% 


iology, acceleration, pathology, and radio 
biology. 

To stress how effective screening is, how 
selective the physical examinations are, and 
how efficient the field flight surgeons are in 
keeping their students in the planes and in 
the air, let me cite you figures from the 
psychiatric clinic. 

During 1956, study was made of 732 
different patients: 646 from the psychiatric 
viewpoint and 86 on neurology referrals. Of 
these, 240 were student aviators, and only 
2 were instructors. I emphasize that in a 
year over 5000 student aviators in the Pen- 
sacola area are potential patients. Only 1 in 
20 is ever seen in the psychiatric unit. Less 
than 1% of instructors are referred an- 
nually. 

Fourteen per cent of our patient load con- 
sists of wives or children (Chart 7). This, 
though not required by law, is considered 
good preventive medicine, since family prob- 
lems and conflicts can be an important cause 
of poor performance, low morale, and acci- 
dents. Many problems formerly taken to the 
chaplain or the legal assistance officer now 
seem to gravitate to the psychiatrist. Maybe 
this is the fashionable thing to do. 

Thirty-eight per cent, or more than one- 
third of our patients are seen more than 
once. Treatment thus has a definite place 
in military psychiatry, contrary to the 
opinion held by some who attribute to mili- 
tary psychiatry the policy of diagnose and 
dispose. 

An interesting contrast between an avia- 
tion psychiatric clinic and a civilian clinic 
is seen in our low number of hospital ad- 
missions. Only 30 persons, or 4% of the 
total number patients, were sent on for hos- 
pital admission. And in further contrast, 
only eight persons, or 1.1%, were diagnosed 
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as psychotic. This points up the fact that 
such a clinic truly serves in the area of pre- 
ventive psychiatry. 

The general outline of research carried on 
at the School of Aviation Medicine for the 
Naval Air Training Command and _ for 
operational naval aviation is shown in Chart 
8. Some of this research is basic, some is 
applied. Clinical research is not lacking in 
this setting. 

Duties of the neuropsychiatric unit not 
specifically related to flying involve evalua- 
tions of military offenders, marriage coun- 
seling, child guidance, and vocational and 
aptitude testing. All these activities again 
fall more into the area of preventive than 
that of curative psychiatry. So, too, does the 
usual gamut of collateral activities, such as 
talks to parent-teacher groups, in-service 
training for nurses, lectures to foremen and 
supervisors in the civilian industrial group, 
and orientation lectures in mental health to 
the young flight students. 

Not the least of the activities of the 
psychologists and psychiatrists is the train- 
ing of the young physician pursuing his 
graduate work in aviation medicine toward 
the goal of becoming a naval flight surgeon. 
One hundred twenty young doctors are 
graduated each year. Along with the train- 
ing in clinical areas and applied or opera- 
tional aspects of aviation medicine, each 
receives a condensed but comprehensive 
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NM 18 00 00 Problems in Human Engineering 
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tion Medicine 
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course in aviation psychiatry and an intro- 
duction to the goals and methodology of 
applied psychology. Student flight surgeons 
last year spent over 1800 clinic hours work- 
ing under supervision with psychiatric pa- 
tients, and advanced students in residency 
training in aviation medicine spent over 
1000 hours in similar work. 

This, then, gives you a picture of how 
closely aviation psychology and _ neuro- 
psychiatry are integrated toward the general 
goals of preventive medicine within the 
structure of the Naval Air Training Com- 
mand. The psychologist with his research 
methods, his probability curves, and his 
omnipresent chi square calculations looks at 
the over-all picture, the trends, percentages, 
and the dollars which can be saved by a 
change in training methods or by improved 
devices. The doctor with his patient-cen- 
tered philosophy works with the individual 
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student. What attributes and liabilities does 
this particular man have and how do these 
qualities affect his chances of becoming a 
competent naval aviator? What chances are 
we taking with a career, or a life, if we con- 
Could this 
student be better utilized in a field other than 
aviation? How will he be affected emotion- 
ally if he has to be dropped from the 


program ? 


tinue this man in training? 


From the standpoint of the nation as a 
whole, the taxpayer and the parents of our 
students, I would emphasize to you that 
through close cooperation of the disciplines 
of psychology and psychiatry in the broad 
picture of naval aviation medicine a con- 
tribution is made which is a credit to the 
high standards of preventive medicine in 
America—and it is a contribution of which 
you and I can be proud. 
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Introduction 


In the light of our present knowledge of 
the response of plants, animals, and man to 
polluted atmospheres, there is reason to sus- 
pect that some of this response may be at- 
tributed to particulate organic matter. 
However these organic aerosols are among 
the least studied of pollutants. It is of great 
importance to characterize them in order to 
understand both the problems of control and 
the penalties for failure to do so. 


The National Air Sampling Network is 
made up of air-sampling stations operated 
by the Public Health Service in cooperation 
with local authorities. Over the time period 
reported in this paper, it averaged 70 sta- 
tions in 30 cities (Fig. 1). Samples of 
atmospheric particulates were taken weekly 
and sent to the laboratory at the Robert A. 
Taft Sanitary Engineering Center in Cin- 
cinnati for analysis. 


A method is described whereby the or- 
ganic portion of these samples is extracted 
and then separated into the following 
classes: basic, weak acid, strong acid, al- 
iphatic, aromatic, and oxygenated neutral. 
While all steps of this technique are avail- 
able in the literature, their combination and 
their application to air pollutants are new. 
If extended study bears out preliminary in- 
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Characteristics of the Organic Particulate Matter 
the Atmosphere of Certain American Cities 


ELBERT C. TABOR, M.S.; THOMAS E. HAUSER, M.S.; JAMES P. LODGE, Ph.D., and 


\ NATIONAL AIR SAMPLING NETWORK a“ 


@-ONE COMMUNITY 
O- MORE THAN ONE COMMUNITY 


an 1.—National air-sampling network, Sept. 1, 


dications, significant differences between 
cities in the distribution of organics among 
the various classes will be established, which 
conceivably might be related to physiological 
and epidemiological findings. To date only 
one specific organic has been finally identi- 
fied, but work is being continued. 


Sampling and Extraction Procedures 


The samples are collected on a flash-fired glass 
fiber filter (Mine Safety Appliances Company), 
using a modification of the AEC high-volume 
sampler. The filter, which is totally free of 
organic material, retains particles as small as 
in diameter. 

Approximately 2000 cubic meters of air is 
drawn through the sampler in a normal 24-hour 
collection period. The weight of particulate mat- 
ter collected ranges from a few milligrams to a 
few grams, 


For organic analysis the filter is cut precisely 
in half because part of the sample must be re- 
served for other uses. Half of the filter is folded 
and rolled up in such manner that all the par- 
ticulate matter is contained inside, eliminating the 
use of a thimble. The rolled filter is extracted 
with redistilled benzene in a Soxhlet extractor for 
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Fig. 2.—Diagram of separation scheme. 


eight hours, Originally acetone was used, but the 
acetone extracts proved rather intractable and 
contained considerable inorganic matter. Cham- 
bers, Tabor, and Foter* have reported some pre- 
liminary findings on acetone-soluble fractions. 
Benzene admittedly does not dissolve all the 
organic material present, but the benzene-soluble 
material appears to be a fair index of organic 
pollution. For convenience, the words “organic” 
and “benzene-soluble” will be used as synonymous 
in this paper. 

The individual extracts contain insufficient ma- 
terial for easy manipulation. Therefore, in order 
to obtain a sample large enough for the subsequent 
separation procedure, individual extracts from 
three months’ samples from the same sampling 
location are pooled to provide 0.5 to 1.5 gm. of 
material. The separation process is easily applied 
to amounts of this size. 

Separation of Organics—The organic portion 
of the particulate sample is separated into water- 
soluble, basic, strongly acidic, weakly acidic, 
neutral, and water-ether-insoluble fractions, using 
a modification* of the method of Shriner, Fuson, 
and Curtin. The neutral group is further sub- 
divided into aliphatic, aromatic, and oxygenated 
groups by chromatography on silica gel* (Fig. 2). 

The dried crude sample, in a small tared Erlen- 
meyer flask, is weighed and then loosened from 
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the flask by the addition of a small amount of 
ethanol or chloroform. As much of the loosened 
crude composite sample as possible is dissolved in 
ethyl ether and filtered through a tared fritted 
glass funnel. The residue on the funnel and that 
remaining in the flask are washed with water. The 
flask and funnel, both containing some insoluble 
material, are dried and weighed. This gives a 
check against the total weight of sample and the 
total amount of water-ether-insolubles. 

The filtrate, a two-phase system, is transferred 
to a separatory funnel. The water layer (Solu- 
tion 1) is removed and evaporated to dryness. 
The residue represents the total water-soluble 
fraction. 


The ether layer (1) is extracted with 5% 
aqueous hydrochloric acid. The hydrochloric acid 
extract (Solution 2) is rendered alkaline with 
solid sodium hydroxide and extracted with ether. 
The ether layer (3) is dried with sodium sulfate 
and evaporated to dryness. The residue contains 
the basic (amine) group. 

The solution (3) after this ether extraction is 
discarded as it contains negligible amounts of 
amphoteric compounds. 

The ether layer (2) from the hydrochloric acid 
extraction is now extracted with 5% aqueous 
sodium hydroxide, and the layers are separated. 
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Mean and Standard Deviation of “Per Cent 
Benzene Soluble” for Four Citie;, Third 
and Fourth Quarters, 1955 


No.of Mean Stand- Coeffi- 


Period Sam- Organ- ard _ cient of 

City Covered ples ie Devia- Varia- 

tions tion, % 
Cincinnati July-Sept. 13 5.2 2.4 46.2 
Oct.-Dec. 9 8.1 13.6 
Fort Worth July-Sept. 12 7.1 1.7 3.9 
Oct.-Dee. 14 7.1 1.9 26.8 
Philadelphia July-Sept. 76 5.3 1.5 28.3 
Oct.-Dec. 80 7.0 2.4 34.3 
Tampa July-Sept. 12 9.0 2.3 25.6 
Oct.-Dec. 10 9.2 3.2 34.8 


The resulting ether layer (4) is dried with sodium 
sulfate and evaporated to dryness. The residue 
contains the neutral group. The water layer 
(Solution 4) is saturated with carbon dioxide 
until a pH of 8 is obtained and is then extracted 
with ether. 

The ether layer (5) is dried with sodium sulfate 
and evaporated to dryness. The residue contains 
the weak acid fraction. 

The water layer (Solution 5) from the carbon 
dioxide saturation, is acidified with concentrated 
hydrochloric acid and extracted with ether. The 
ether layer is dried over sodium sulfate and 
evaporated. The residue is the strong acid group. 

The neutral group is further subdivided by col- 
umn chromatography on silica gel. A chromato- 
graphic tube, 20 mm. in diameter, is packed to a 
height of 10 cm. with 200-mesh silica gel. The 
neutral group is adsorbed on a small amount of 
silica gel and transferred to the top of the column. 
The column is first eluted with 85 ml. of 2,2,4- 
trimethylpentane (isooctane), followed by a 
similar volume of benzene. The column is finally 
flushed with a 1:1 mixture of chloroform and 
methanol. The isooctane eluate contains the ali- 
phatic fraction, the benzene eluate the aromatic 
fraction, and the chloroform-methanol eluate the 
oxygenated fractions. 


PHILADELPHIA 


PORTLAND | CINCINNATI LOS ANGELES 


CONCENTRATION, 3 


Fig. 3.—Examples of total particulate (entire 
bar) and benzene-soluble (shaded) loadings, fall 
quarter, 1955. 


Infrared spectra of all samples and fractions 
are obtained. 


Comment 


The data obtained by these methods may 
be placed in four main categories: (1) total 
particulate and benzene-soluble organic load- 
ings; (2) the distribution of the organics 
among the various functional classes; (3) 
infrared absorption spectra of pooled sam- 
ples and of the separated fractions, and (4) 
results of tests for individual chemical 
species. 

Of these data, only the first type is de- 
termined on individual samples. All further 
analysis requires the larger quantities ob- 
tained by pooling, usually on a quarterly 
basis. This, however, raises the question of 
the amount of information lost by combining 
a number of samples from a given site. It 
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PERCENT 


LOS ANGELES 

Fig. 4—Examples of 
the separation of the or- 
ganics into solubility 
classes (J, insoluble in 
water and ethyl ether; W, 
water-soluble; B, bases; 
SA, strong acids; WA, 
weak acids; N, neutral 
compounds), and of the 
neutrals by chromatog- 
raphy (Aliph, aliphatics ; 
Arom., aromatics; Oxy., 
oxygenated neutrals). 
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is obvious that there are situations in which 
this loss may be considerable; any short- 
time singularity in the relative amounts of 
organic pollutants would be averaged out. 
One measure of the importance of such 
an effect would be the constancy of the frac- 
tion of the total pollutant which is extract- 
able by benzene. Singular variations in 


Fig. 5.—Infrared “fingerprints” 
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of the organics from four cities. 


concentration of organics should cause wide 
corresponding fluctuations in this value. 
Meteorological variations, on the other hand, 
would cause the total loadings to vary, but 
should have effect on the relative 
amounts of organic and inorganic materials, 
unless there are fluctuations in the exotic 
contribution. 
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Statistical studies of the organic content ing further investigations, it will be assumed 
for several representative cities showed that that the pooling procedure does not conceal 
the coefficient of variation of this parameter important qualitative fluctuations in organic 
was of the order of 30% (Table). This _ pollutants. 

scarcely seems to merit the conclusion that The total loadings and the benzene-soluble 
many large fluctuations have occurred. Pend- fractions of these together tend to be charac- 


Fig. 6—Infrared spectra of New Orleans organics (1275, noncrystalline; 1252 and 5715, 
crystalline) ; spectrum of caffeine (KBr disc). 
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teristic of the city under examination (Tig. 
3). For example, Philadelphia, Cincinnati, 
and Portland, Ore., have similar organic 
loadings but widely different total loadings. 
Philadelphia and Los Angeles are similar in 
air particulate content, but much more of 
the total aerosol in Los Angeles is organic. 

Another characteristic pattern is presented 
on separation of the benzene-soluble material 
into its various fractions (Fig. 4). Still 
other differences from site to site may be 
noted in the infrared spectra of the gross 
organic extracts (Fig. 5). Still further 
differences may be noticed in the spectra of 
the individual fractions. 

The above examples are cited not as 
definitive values of pollution levels for the 
cities named but rather as representative of 
the type of data presently being obtained by 
this method. Further study will be necessary 
both to establish the validity of the mean 
values and to interpret deviations from 
them. 

Both the crude samples and the separated 
fractions may be further separated. Work 
now under way has already identified one in- 
dividual species, and more are under study. 


Isolation and Identification of Caffeine 


Many of the crude benzene extracts are 
tarry ; some contain, in addition to the tars, 
some crystalline material. The most con- 
spicuous example of this content was ex- 
hibited by a number of samples from New 
Orleans. The crude extract, prior to any 
separation, gave quantities of feathery 
crystals adhering to the walls of the test 
tube, with a small amount of tar. A search 
for possible sources of such material re- 
vealed that several coffee-roasting plants 
were often upwind of the sampling site and 
that a heavy coffee odor was frequently 
noticeable in the vicinity. 

The infrared spectrum of a typical non- 
crystalline extract from New Orleans was 


very similar to those of other cities, while 
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that of the crystalline extracts possessed all 
of the important bands of caffeine (Fig. 6). 
The ultraviolet spectra of this crystalline 
extract and of caffeine were identical. 

A large pooled crude sample was ex- 
tracted with hot water. The aqueous solu- 
tion was extracted with chloroform; the 
organic layer was dried and evaporated. The 
residue was taken up in a few drops of 
hot water, and one drop of the resulting 
solution was allowed to evaporate on a 
microscope slide. Pure white needles were 
left; these were reacted with a microdrop 
of mercuric chloride solution. 

The mercuric chloride adduct separated 
immediately as long, silky needles, extinc- 
tion angle 31 degree, a=1.608, y=1.700, 
identical with an authentic specimen of caf- 
feine mercurichloride. The intermediate in- 
dex, 8, was not determined. The refractive 
indices were determined by the immersion 
method. 


Summary 


A method has been presented for the 
separation of organic particulate pollutants 
into classes. Examples have been cited of 
the type of data obtained. In addition to the 
quantitative data yielded by this method, it 
may also be used to provide relatively clean 
fractions or further separation and identi- 
fication of pure species. 


4676 Columbia Pkwy. (26). 
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CAPT. CARL E. WILBUR (MC), U. S. N 


It is a singular pleasure for a_ flight 
surgeon to appear before the Section on 
Preventive Medicine. The sheet anchor of 
aviation medical practice is prevention—pre- 
vention of the adverse effects on the pilot 
of the hostile environment aloft. The flight 
surgeon is further concerned with flying 
safety or the prevention of accidents because 
the study and care of the human being con- 
trolling the aircraft are his responsibility. 
And currently the cause of two out of every 
three aircraft accidents is attributed to some 
error or failure on the part of the pilot. 


The Role of the Flight Surgeon in Aviation Safety 


was early realized that the prime cause of 
the many fatal accidents to aviators in this 
country was the placing of aviation on the 
plane of the hippodrome, thereby encour- 
aging aviators to perform sensational feats, 
or ‘stunts,’ in advance of the progress of 
the art...” 

I shall return to this matter of the “prog- 
ress of the art” but, first, in deference to 
the broad field of preventive medicine, the 
numerical importance of accident morbidity 
and mortality to the Medical Department of 
the Navy should be cited. The Table shows 


Admissions, Sick Days, and Deaths for Injuries and Poisonings,* 


by Selected Causative Agent, Navy and Marine Corps, 1955 


Admissions 


Sick Days 


Causative Agent 


28,439 
Water transport_. 3,693 
Machinery, tools, and related agents, The.c 3,654 
Instrumentalities of 778 
Falls, except transport. 3,115 
Athletics and sports_. 4,243 
Heat, cold, and elements_____ 
All other. 3,47: 
Assault by 2,523 
207 


Noneffective 


141.7 
108.4 18,983 5.9 407 46.0 
879.2 319,626 98.9 68.0 
417.2 88,874 27.5 91 10.3 
412.8 77,689 24.0 27 3.1 

87.9 34,494 10.7 38 43 
18.2 1,141 0.4 14 1.6 
351.9 96,502 29.9 7 0.8 
479.3 100,067 31.0 35 4.0 
65.5 4,091 13 —_ 0 
392.4 86,274 26.7 33 3.7 
308.4 56,128 17.4 7 8.2 
285.0 53,169 16.4 12 1.4 
23.4 2,959 0.9 61 6.9 


* Rates per 100,000 average strength. 


A somewhat different cause factor was 
emphasized in one of the earliest references 
to aviation safety in the Navy. Captain 
Washington Irving Chambers, U.S. N., 

a memorandum to the Bureau of Naviga- 


tion dated May 27, 1913, stated“... It 
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that motor vehicle accidents are responsible 
for the greatest number of admissions, sick 
days, and deaths among the accidental causes 
of injury to Naval personnel. The cate- 
gories of water transport and machinery, 
tools and related agents may be considered 
together as occupational hazards in_ the 
Navy. In the number of admissions and 
sick days this category runs a close second 
to motor vehicle accidents. Only in the num- 
ber of deaths do the aviation accidents be- 
come prominent in this tabulation. 

This finding focuses attention on a criti- 
cal role of the flight surgeon in aviation 
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FLIGHT SURGEON AND AVIATION SAFETY 


Figure 1 


safety. Although the Navy’s major damage 
accident rate has declined over the past 10 
years from eight accidents per 10,000 flying 
hours to an all-time low of slightly less than 
three accidents in the first half of fiscal 
year 1957, the fatal accident rate has re- 
mained constant. In 1947, 1 of every 11 
major accidents resulted in one or more 
fatalities. For the first half of fiscal 1957, 
2 of every 11 major accidents have been 
fatal, a 100% increase in the ratio of fatal 
accidents to major accidents. The flight sur- 
geon is one of those responsible for finding 
ways to protect the pilot in the event of an 
accident. This task includes the design of 
adequate protective equipment, provision for 
successful escape from disabled aircraft, and 
provision for the pilot’s survival in any 
region of the world. 

It is not necessary to emphasize the role 
of the flight surgeon in the selection and 
training of pilots. He is further responsible 
for supervision of the pilot’s state of flight 
readiness, a task which includes, in many 
shore-based squadrons, the care of the pilot’s 
wife and children. These routine jobs of 
the flight surgeon are important to any 

ation safety program. 

In the remaining few minutes it is the 
flight surgeon’s specific role in aircraft acci- 
dent investigation and prevention on which I 
should like to concentrate. Gordon ! has ap- 
plied the epidemiologic method to accidents 
in general. More recently, McFarland and 
Moore? have considered one part of the 
host-agent-environment triad, namely, host 
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factors, in relation to highway safety. It is 
intriguing to entertain a similar approach to 
aviation accidents. And I might add that 
every kind of study relating to frequency 
distributions in time has been made for 
aircraft accidents. 

Perhaps the first fact the epidemiologist 
would find of interest is that 50% of air- 
craft accidents occur during the landing 
phase of flight. I am tempted to ignore this 
finding and state simply that the aerody- 
namic characteristics of supersonic aircraft 
are incompatible with their routinely safe 
return to a stop on the ground. But con- 
sider for a moment Figures 1 and 2. Figure 
1 shows a steady decline in the carrier land- 
ing major damage accident rate during the 
years 1954 and 1955. Figure 2 shows a 
further decline in 1956. Except for the ex- 
perience in the fourth quarter, 1956, when 
carriers were hastily deployed to the Middle 
East, the carrier landing accident rate 
dropped, in three years, from four major 
accidents per 1000 landings to approximately 
one such accident. The pilot or host in these 
instances has the same tendency to fail or 
commit some error throughout the three- 
year period. As far as the aircraft or agent 
is concerned, this period marked the intro- 
duction of new, higher performance aircraft 
into the fleet—a fact which might be ex- 
pected to lead to higher rather than lower 
accident rates. The answer, I believe, will 
be found in Figure 3. This compares the 
carrier landing accident rates on axial deck 
carriers, the old World War II type, with 
the rates on the modernized angled deck 
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carriers, and those angled deck carriers to 
which the mirror landing system has been 
added. Without discussing in detail the 
technical advantages of these improvements 
to carrier flight operations, it can be said 
that the working conditions or environment 
of the pilot and his plane were significantly 
altered, with a resulting increase in safety. 
I might add that the record would probably 
look even better if the state of the art were 
such that we had a reliable angle of attack 
indicator on our jet aircraft for this crucial 
phase of flight. Although this development 
awaits further “progress of the art,” in the 
words of Captain Chambers 44 years ago, 
the military situation here and now demands 
carrier operations with aircraft having maxi- 
mum performance. This elusive, highly 
mobile operating base at sea, the aircraft 
carrier, is currently one of our most valuable 
ambassadors for peace as well as one of our 
most potent and protected retaliatory forces. 

I doubt that the epidemiologic approach 
to aviation accidents caa be pursued further 
than we have in this instance. An analogy 
might be drawn with an imaginary epidemic 
of malaria wherein the host factors remain 
constant; the agents, Anopheles and proto- 
zoa, on the contrary, are constantly under- 
going change, developing new habits, finding 
new habitats. This necessitates constantly 
changing measures in our environmental 
control. However, as Gordon! has pointed 
out, the concept of epidemiology as medical 
ecology is an over-simplification. All the 
causative factors are intimately interwoven, 
each influenced by the other. 
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I do not minimize the importance of occu- 
pational and highway safety programs when 
I say that it is a relatively simple matter to 
make highways and shops safe environments 
in spite of negligent or otherwise improper 
attitudes on the part of the host worker or 
driver. I do believe that aviation safety is 
more difficult to attain, the principal and 
absolute deterrent being that military avia- 
tors are required to perform “in advance of 
the progress of the art.” 

There can be no comparison between mili- 
tary and civil aviation safety records. The 
military mission is essentially hazardous. In 
the absence of actual warfare, the occur- 
rence of accidents hangs on a delicate bal- 
ance between realistic training for combat 
and a somewhat nebulous margin of safety. 
This margin actually disappears when one 
considers that military aircraft and tactics 
are forever on the expanding frontiers of 
flight. 

It is on this frontier that the flight sur- 
geon works alongside the aeronautical engi- 
neer. For every small advance henceforth in 
the performance of aircraft the demands on 
the human being at the controls become in- 
creasingly critical while the environment be- 
comes increasingly less habitable. Thus, the 
flight surgeon must find ways to adapt man 
to a constantly new environment as well as 
to find ways, along with the engineer, to 
alter the environment itself in favor of the 
pilot. 

It is likely that many in this audience 
today will soon have the opportunity to 
breakfast in New York and have lunch in 
Paris, carried on the wings of commercial 
jet aircraft. When this opportunity is pre- 
sented, we would do well to pay tribute to 
the pioneering efforts of our present military 
pilots who are devoting their lives to ad- 
vancing the art of flying. 
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RICHARD D. SCHAFER, B.C.E., Columbus, Ohio 


Sources of air pollution in Ohio and the 
United States are coming more and more 
under the searching light of public opinion. 
The general public is in fact demanding a 
clean-up of air pollution sources. The al- 
falfa dehydration industry is no exception. 


In Ohio, particularly in the northwest 
counties, the rapid development of the al- 
falfa dehydration industry has been attended 
by many complaints and production prob- 
lems. Standardization of product and pro- 
duction procedures has had the beneficial 
result of reducing variations among plants, 
and today we find a modern industrial plant 
geared to high production, but producing 
a small amount of dust. Unfortunately, 
this amount is, in many cases, too great for 
the comfort of many plant neighbors. They 
complain of the dust, mentioning its effect 
on their health and comfort, and are 
disgruntled by the nuisance of the green- 
colored dust in their homes. The character- 
istic, and somewhat “heavy” odor is the 
second largest source of complaint. 

Of course, in some areas the plant’s public 
relations are in such excellent condition that 
people rarely complain. But in others the 
residents are considerably agitated and re- 
fuse to accept any compromise on dust 
reduction. In the latter areas complete dust 
suppression is the only solution which will 
be accepted. Experience in northwestern 
Ohio during the last three years clearly 
points to the need for an economical solu- 
tion to this dust problem. 

Inquiries to some 14 states producing 
alfalfa in large quantities brought out a 
similar pattern. In some of these states 
concerted efforts of the residents have 
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How Ohio Is Solving the Alfalfa Dust Problem 


forced removal of the plants to completely 
isolated areas. With building rapidly ex- 
panding even this solution is not very 
practical. For what was once an open area 
oftentimes becomes “built up” with home 
development. When this happens the reply, 
“We were here first,” is of little help to 
the industrialist. 

Now, let’s consider the processes used in 
Ohio for dehydration of alfalfa. The ac- 
companying diagram indicates the essential 
equipment for dust elimination. 


Alfalfa grown by farmers is chopped in 
the field at the same time it is cut. The 
chopped alfalfa is hauled in large box-like 
wagons to the dryer, where it is fed to a 
rotary drier (usually the multipass type) 
fired by gas or oil. Temperatures are ap- 
proximately 1800 F at the feed end and 
190-225 F at the discharge. The dried 
chopped alfalfa is then blown to the first 
cyclone or cooler. Here the flue gases and 
steam Next the alfalfa is 
blown to a grinder cyclone, where approxi- 
mately '%4-in. hole screen is used for pre- 
liminary breakdown of the dried material. 
This material is then blown to a third 
cyclone, which feeds the final hammer mill. 
The mill ordinarily uses a %o or %4-in. 
hole diameter screen and pulverizes the 
alfalfa to its final form. 


are released. 


The final step is blowing the material to 
a bagging cyclone. Discharge from this 
cyclone is efficiently controlled by a rotary 
valve feeder to a blender, a necessary part 
of the process machinery. The blender 
serves the dual purpose of blending the 
material, at the same time allowing the 
cyclone to function at greatest efficiency. 
When a cyclone collector is used as a 
storage bin, the cyclonic action is stopped 
and discharge of large quantities of dust 
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occurs. For best dust control the cyclone 
must be emptied continuously, by the motor- 
driven rotary valve. 


In some of the mills in northwest Ohio 
variations of this process are to be found. 
For example, at times the drying is done 
on a slow-moving grate with heat furnished 
from coal combustion. In one mill classi- 
fication of the final product is accomplished 
by use of a screening process. The purpose 
of this is to concentrate protein content by 
removal of white fiber and nonprotein 
fibers. (Protein and carotene content must 
be kept uniformly high in order that pre- 
mium price may be received for the final 
alfalfa meal.) 

In any event, it is from the grinder and 
bagger cyclones that the dust escapes. Be- 
cause of the very fine particles which the 
grinder produces, the cyclones cannot collect 
all of the product. 


COOLING 
CYCLONE 


ROTARY KILN 
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Methods of Dust Control 


Now, what methods have been discovered 


to control this dust? Two quite recent 
changes have solved the dust problem for 
Ohio plants: 

1. Oil or Animal Fat Has Been Added 
to the Meal in Process——This causes the 
tiny particles to collect into large particles; 
as a result the efficiency of the cyclone 
separation is increased. But of the plants 
observed using this method, it is not be- 
lieved a sufficient reduction occurs to satisfy 
the most critical neighbors. In this case the 
second method is advisable. 

2. A Cloth Collector is Used.—This acts 
on the principle of the home vacuum 
cleaner, filtering the dust from the cyclones 
through a cloth bag. Several of the plants 
have installed cloth filters at considerable 
expense. These have proved satisfactory 


dust collectors. 


BLENDER -PACKER 
ROTARY VALVE 


GRINDER- FANS 


A diagram of the application of essential equipment for dust elimination in an alfalfa 


dehydration plant. 
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OHIO—ALFALFA DUST PROBLEM 


Great disadvantage of the older type of 
cloth and collector design was the possibility 
of fire. As a result, high-penalty premiums 
have been attached for fire insurance. How- 
ever, in my investigation the fires which 
have occurred were due principally to care- 
lessness of the drier operator. Management 
was satisfied that, with proper care, the 
chance of fire was not a serious disadvan- 
tage. 

Recent introduction of a new concept of 
cloth filtration, known generally as the re- 
verse jet principle, has accomplished an 
initial cost reduction of nearly two-thirds. 
Because of the flame-resistant properties of 
the filter, fire hazard has been materially 
reduced. One large insurer attaches no 
penalty to the insurance of this new filter. 
Moreover, the filter is continuously and 
automatically self-cleaning, a decided advan- 
tage over the intermittent cleaning of the 
former type of cleaner. Collection of the 


fine particles is so efficient in the two plants 
using the method, complaints have ceased 
entirely. 

Application of the filter requires capping 
the grinder and bagging cyclones and con- 
duction of the effluent dust to the continuous 
filter. The dust then separated is conveyed 
to the blender and becomes part of the prod- 
uct. The cleaned air is released to the out- 
side atmosphere. 


Summary 


There is presently available a satisfactory, 
economical method of dust control for the 
alfalfa dehydration industry. Its general 
acceptance will enhance the financial returns 
of the owner and release the processor from 
the onus of poor public relations by reliev- 
ing plant neighbors of dust. 

Assistance was given by Mr. Sam Seferian, 


Engineer, Industrial Hygiene Division of Ohio 
Department of Health. 


306 Ohio Departments Building (15). 
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Acid Aerosol 


and J. CRITCHLOW, M.D., Riverside, Calif. 


The role that sulfuric acid aerosol plays 
as an air pollutant is not satisfactorily de- 
fined at this time, either with respect to the 
concentrations of different-sized droplets 
that may actually be present in the air, or 
with respect to the physiological effects of 
such concentrations alone and in conjunc- 
tion with other pollutants. Two sources of 
the aerosol are (1) combustion of sulfur 
or sulfur compounds in fuels and (2) oxi- 
dation of sulfur dioxide in the atmosphere. 
Combustion processes yield principally sul- 
fur dioxide, but a small portion of the 
sulfur, ranging from about 1% to 10%, 
may be oxidized further to acid—depending 
on the conditions of combustion, especially 
the temperature and the nature of the cata- 
lytic surfaces in the furnace. 

Photochemical oxidation of sulfur dioxide 
in air by sunlight was found by Gerhardt 
and Johnstone * to be only 0.1% to 0.2% 
per hour in a gas concentration range from 
5 to 35 ppm. The reaction was unaffected 
by salt nuclei, oxides of nitrogen, relative 
humidity, or the presence of the acid aero- 
sol. There is reason to believe that in a 
smoky urban atmosphere this rate may be 
increased considerably, owing to catalytic 
action of other aerosols, with and without 
fog. Some increase may occur in rural 
atmospheres also.®18 

Treon et al.'* studied the toxic effects of 
sulfuric acid aerosols on various animals, 
and found guinea pigs to be considerably 


Received for publication Aug. 16, 1957. 

Department of Agricultural Research, American 
Smelting and Refining Company (Drs. Thomas 
and Hendricks); Department of Pathology, Col- 
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Prolonged Exposure of Guinea Pigs to Sulfuric 


M. D. THOMAS, D.Sc., Menlo Park, Calif.; R. H. HENDRICKS, Ph.D.; F. D. GUNN, M.D., Salt Lake City, 


more sensitive than mice, rats, rabbits, or 
cats. The acid mist was made by a special 
aspirator. In most of the experiments, over 
90% of the droplets were lp to 2 in 
diameter. The guinea pigs did not survive 
a 2.75-hour exposure to 86.6 mg/m*, where- 
as mice, rabbits, rats, and a cat survived 
a 7-hour exposure to 461 mg/m*. Upon 
dissection, it was observed that the lungs 
of the guinea pigs were generally expanded 
and hyperemic but contained atelectatic 
lobules. Edema fluid was present in the 
lumens of some alveoli and in the peri- 
truncal connective tissue, and there was 
engorgement of the interlobular lymphatics. 
Slight peripheral hemorrhage was noted. 
The larynx, trachea, and bronchi showed 
submucosal hyperemia, mucinous degenera- 
tion of columnar epithelium and extensive 
loss of epithelium by desquamation. The 
cause of death was thought to have been 
acute respiratory failure associated with 
laryngeal or bronchial spasm, induced by 
the irritant acid mist. 

Mathur and Olmstead ™ found no symp- 
toms in guinea pigs following 30 minutes 
of exposure to less than 15 mg/m®* sulfuric 
acid aerosols; slight symptoms with 15 to 
40 mg/m*; marked symptoms but no deaths 
with 40 to 60 mg/m*, and deaths in some 
animals with 65 mg/m* and above. Particle 
size was to 

Amdur, Schulz, and Drinker * found that 
the L. D.s5o for guinea pigs, aged 1.5 years, 
was 50 mg/m?* with 95% limits of 34 and 
71 mg/m*, whereas animals of 1 to 2 
months gave L. D.59>=18 with 959% limits 
of 16 and 21 mg/m*. Exposure time was 
eight hours and particle size lu. The older 
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animals were exposed to 20 mg/m? for eight 
hours without fatality, and the younger 
to 8 mg/m, Longer exposures (up to 72 
hours) with the lower concentrations did 
not increase the mortality rate appreciably, 
although lung injury increased with pro- 
longed exposure. 

Pattle, Burgess, and Cullumbine ' quoted 
6.8 ppm (27 mg/m*) as the L. D.59 for 
200 to 250-gm. guinea pigs exposed eight 
hours at room temperature to an aerosol 
with particles averaging 2.7» in diameter. 
Similar exposure to an 0.8» aerosol at room 
temperature produced an L. D.59 at 60 
mg/m*®; at 0 C the L. D.59 occurred at 
47 mg/m*. The effect of cold was statis- 
tically significant at the 2% level. Neutral- 
ization with ammonia gas rendered the 
aerosol nontoxic. 

Pattle et al. suggest that sulfuric acid 
appears to have two types of toxic effects 
in guinea pigs. First, it seems to produce 
respiratory failure from bronchial or laryn- 
geal spasm when the concentration is high 
enough. If the animal is not killed within 
about three to four hours, it can withstand 
the same concentration for a long time. 
Second, the acid can produce damage in 
the bronchi and lungs in proportion to the 
exposure (concentration X time). The ef- 
observed were like those described 
by Treon et al.,!* including edema, hemor- 
rhage, thickening of the alveolar walls, and 
focal atelectasis. 

Amdur and associates? have observed 
the respiratory tide in humans subjected 
to sulfuric acid aerosols and sulfur dioxide 
in short exposures. Concentrations of 0.35 
to 5 mg/m® of acid and 1 to 8 ppm sulfur 
dioxide increased the rate and decreased the 
depth of breathing without changing the 
total volume. The physiological significance 
of these effects was not discussed. Guinea 
pigs } breathing 89 ppm sulfur dioxide were 
adversely affected by the addition of 8 
mg/m* of sulfuric acid aerosol. 


fects 


Aerosol Experiments 


The present paper describes experiments 
in which guinea pigs were subjected to long- 
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continued low concentrations of sulfuric 


acid aerosols of different particle sizes. The 
exposures were continuous, day and night, 
and ranged from a few weeks to more than 
five months. However, there were four 
failures of the equipment during the 18 
months of these experiments. Each of 
these failures produced several hours of 
high concentration which killed some of the 
animals. These are treated separately in 
the following comment. 

A. Maintenance and Examination of Animals.— 
Guinea pigs of various ages were used. They were 
maintained on guinea pig pellets, fresh lettuce, and 
vitamin supplement during the period of exposure. 
This was found to be adequate for normal growth 
in younger animals and for maintenance of weight 
in the older guinea pigs. No provision was made 
to prevent contamination of food and water by 
the aerosol except to provide fresh supplies at 
frequent intervals. It was assumed that the buffer- 
ing effect of the food and body fluids would prevent 
any serious digestive disturbance from such con- 
tamination. The animals were weighed two or 
three times a week, and comparisons were made 
between the weights of those in the “control” 
chamber and those exposed to aerosols. 

Individual animals were killed at intervals during 
each experiment. At the termination of each ex- 
periment all surviving animals were killed by ex- 
posure to chloroform in a closed jar and examined 
immediately for evidence of macroscopically de- 
tectable the thoracic and abdominal 
viscera. The respiratory tract was removed in toto, 
photographed, and, in cases, fixed for 
microscopic insufflation of the 
trachea with Zenker’s fluid or formalin. Since, in 
the earlier experiments, no significant alterations 
were found by gross or microscope examinations 
of the abdominal organs and heart, only the respir- 
atory tract was studied systematically in the later 
experiments. 


lesions of 
most 
examination by 


Microscopic sections were made routinely from 
the larynx, midtrachea, tracheal bifurcation, and 
lungs, including the larger bronchi at the hila. 
Paraffin sections Zenker-fixed tissue were 
stained by a modified Masson’s trichrome method 
and examined for major and minor deviations from 
the normal. The larynx and trachea were scrutin- 
ized particularly for evidence of edema, inflam- 
matory cellular infiltration, desquamation of 
mucosal epithelium, preservation of cilia, and 
mucus-secreting activity. The bronchi of all sizes 
were examined for evidence of muscular spasm, 
luminal contents (mucus, cellular exudate, de- 
squamated epithelium), and peribronchial infiltra- 
tion, in addition to the items pertaining to the 


of 
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mucosa. The pulmonary tissue was appraised with 
respect to 17 different histological alterations, in- 
cluding atelectasis, emphysema, hyperemia, edema, 
hemorrhage, thrombosis of alveolar capillaries, 
perivenous lymphocytic infiltration, distention of 
lymph channels, extent and density of alveolar 
exudate, and the presence or absence of fibrosis. 
The components of the exudate, when present, were 
itemized separately. In the tabulation of all of the 
above items, each item was graded from 0 to 4, 
according to the estimate of the examiner. For 
example : 

Desquamated epithelial cells (of bronchus) : 

0—no epithelial cells in lumen 

l—a few cells in lumen 

2—some cells in lumen, lining intact 
3—many cells in lumen, lining not intact 
4—many cells in lumen, lining gone 

Perivenous infiltration : 

0—none 

l—very slight infiltration of lymphocytes 

around a few venules 

2—moderate infiltration affecting many venules 

3—heavy infiltration, focal 

4—most venules completely surrounded 
At the conclusion of the readings, 23 animals were 
selected at random for reexamination to provide a 
control for the grading system. The data from the 
first and second readings were checked by comput- 
ing chi square. The essentially subjective criteria 
upon which the evaluations were made were thus 
found to be sufficiently clear and stable to have 
validity. All of the microscope estimates were 
made by one person (J. C.). 

B. Fumigation Technique;—The experiments 
were carried out in four glass-enclosed chambers, 
each 34.55 ft., through which was passed a 
continuous stream of washed and filtered air at a 
rate of 1200-1500 liters per minute. The air 
entered the top of the chamber and was discharged 
through ducts below a removable floor. The guinea 
pigs in groups up to eight were confined in 2X2 ft. 
boxes, open at the top, with % in. wire-mesh 
bottoms. One side of the box was warmed elec- 
trically to provide some heat for the animals. Each 
box was placed over a large hole in the floor 
so that the air stream passed through the box. 
This procedure materially reduced neutralization 
of the aerosol at breathing level by ammonia 
derived from the excreta of the animals. Even 
with this precaution, frequent cleaning of the 
cabinet was necessary. 

The aerosol was prepared by passing a measured 
stream of air through a 500-ml. flask containing 
concentrated sulfuric acid, heated in a thermostat- 
controlled oil bath. The outlet of the flask was a 
10-in. length of glass tubing, wrapped with re- 
sistance wire and a thick covering of asbestos. The 
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nozzle was a glass-sheathed jet which projected 
just inside the large air intake pipe near its point 
of attachment to the cabinet. Power was supplied 
to the resistance wire through a rheostat and was 
measured at intervals with a voltmeter and an 
ammeter. Particle size of the aerosol was con- 
trolled by the temperature of the acid vapor as it 
was jetted into the main air stream—the hotter 
the acid, the finer the aerosol that was produced. 
Four levels of heat on this delivery tube were 
used in the experiments, corresponding to wattages 
of about 7, 22, 40, and 50-75. Cascade impactor 
and thermal precipitator samples gave particle 
size measurements as summarized in Table 1. 
Samples with only a small number of droplets on 
the slides were taken. The size of droplets was 
measured under the microscope. The droplets 
appeared to be nearly spherical. 

C. Aerosol Analysis —Continuous measurement 
of the aerosol concentration was made with an 
automatic analyzer. The latter has been briefly 
described.* The aerosol was thrown down on the 
wall of a glass tube by drawing the sample at sonic 
velocity through a glass jet, 0.1259 mm., mounted 
0.38 mm. from the wall. The wall was washed at 
regular intervals with a small measured volume of 
water, and the conductivity of the acid solution 
was recorded. The effluent solution from the 
analyzer was collected in a bottle over 12- to 24- 
hour periods. The united solution was titrated for 
acidity, and its conductivity was measured. From 
these data it was possible to calculate both the 
acidity and percentage neutralization at breathing 
level in the chambers. The latter ranged up to 
about 20% of the total acidity. From simultaneous 
measurements of the aerosol concentration by the 
analyzer and also by filtration through a filter 
paper,’ it was found that the efficiency of the 
impactor was about 75%. Corrections for neutral- 
ization and efficiency of impaction were applied 
to the data from the analyzer. 

D. Aerosol Concentrations —The essential details 
of five experiments conducted between February, 
1950, and July, 1951, are presented in Table 2, 
which gives the dates, the conditions of aerosol 
formation, and the aerosol concentrations. The 
accidental peak concentrations which caused fatali- 


TABLE 1.—Droplet Size of Sulfuric Acid Aerosols * 
Measured by the Thermal Precipitator 
and Cascade Impactor 


Air Flow Mean 
Oil Bath Through Wattageof Numberof Diameter of 
Temp., C Acid, Super Samples Droplets, 
Liter/Min. Heater 
185 0.85 7.5 10 4.280.090 t 
185 0.85 22.5 10 3.582-0.20 
185 0.85 40. 25 0.934-0.04 
185 0.85 75 9 0.59-+0.04 


* Preparations simulated experimental conditions. 
+ Standard deviation of the mean. 
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TABLE 2.—Concentrations of Sulfuric Acid Aerosol Employed in 1950-1951 
Experiments 


Aerosol Preparation 


Aspi- Sulfuric Acid Accidental Peaks 
Oil ration Super Aerosol Concentration, 
Exp. Date No. Animals No. Bath, Vol- Heater, Mg/M: Dura- No. 
No. Days Temp., ume, watts --* Date tion, Conc., Animals 
To Old Young Cc L/Min. Min. Max. Avg. Hr. Mg/M: Killed 


Coarse Aerosol 


1 2/16 93/6 7 5 18 193 1.00 5. 

2 3/10 4/24 4 2 45 191 0.93 7. 

3 5/25 10/2 0 8 130 180 1.05 22. 

4 10/2 11/28 5 4 57 180 107) 25, 
1951 

5 2/16 7/9 5 10 139 166 2.03 7. 


3/6 7 6 18 192 1.03 38. 
/ 4/24 3 6 45 193 0.85 40.8 
/ 10/2 8 8 130 183 0.60 39.0 
1950-1951 
10/2 1/29 3 5 119 184 0.97 40.4 


Totals 


* Medium-Coarse Aerosol. 
t Survivors from 1/11/51. 


ties on four dates are listed separately and are not 
included in the average concentrations. Most of the 
average conditions ranged from 1 to 4 mg/m’, 
except in the fine aerosol treatment in the first two 
experiments, in which 21 to 26 mg/m* were used. 
The accidental peak concentrations, which were 
beyond the scale of the recorder, were evaluated 
approximately either by analysis of the composite 
effluent solution from the analyzer, or by simulating 
as nearly as possible in a blank experiment the 
conditions that obtained during the accident. 


Results 


The effects of the aerosol exposures were 
studied by examining sections of the lungs 
and upper respiratory tracts of the animals 
involved. In each case the different items 
were rated on an intensity or frequency 
scale into one of five categories as already 
explained. Using these ratings, it was pos- 
sible to find the mean values of treated and 
control groups of animals for each item. 
The significance of each difference between 
the means of the treated and control groups 
was then calculated by Fisher’s t-test.’ 


Preliminary observations on the control 
animals in the various experiments, as 
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2.36 3.86 3.00 3/6/50 3.8 11.5 2 of 10 
0.18 9.30 2.21 

0.20 9.00 2.06 

1.47 4.60 2.56 11/26/50 15.3 ? 3 of 9 
0 4.23 


2.54 5.09 4.14 3/6/30 os 37.0 6 of 11 

0.31 5.64 3.05 

0.69 5.50 2.10 

1.18 12.70 y 1/11/51 6.0 27.5 1 of 6 
1/29/51 4.1 414 3 of 5t 


64.50 26.50 3/6/50 11.0 110-310 60f9 
40.50 21.20 
8.60 2.04 
9.50 2.74 
22.30 1.46 


compared with the average values of all the 
controls, indicated that there was no signifi- 
cant difference between the different groups 
of controls. Accordingly, the average values 
for all the controls were used for compari- 
son with the treated animals. In most cases 
the young animals (less than 6 to 8 months 
old) were grouped separately from the older 
animals. 

A. Effects of Fatal Aerosol Concentra- 
tions —Table 3 gives the data on all the 
young and old animals which were killed 
by sudden exposure to high concentrations 
of aerosol. Because of the small numbers 
involved, no attempt is made to relate the 
observed symptoms to aerosol size. Of the 
45 items tabulated, 16 showed statistically 
significant differences between test and con- 
trol animals. Eight of the significant differ- 
ences were positive and eight were negative. 
From these 16 items it is possible to recon- 
struct the respiratory tract of the “mean 
test animal” insofar as it differs from the 
control. The following descriptions were 
arrived at by translating the mean values, 
given in the table, into the histological terms 
from which they were derived. 
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1950 

6 
Medium Aerosol 
1950 

2 

4 
Fine Aerosol > 

1950 

1 2/16 3/6 8 5 18 205 3.55 52.5 16.30 | 

2 3/10 4/24 4 6 45 207 2.00 51.2 1.30 4 

5/25 10/2 0 8 130 181 0.77 765 0.37 
1950-1951 
4 10/2 2/16 3 7 140 182 0.80 75.5 0.57 
5 7/9 5 10 0.45 75.5 0.24 
= 
| 62 90 21 of 45 ae 
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TABLE 3.—Items Showing Statistically Significant Differences Between the Means of 
Control and Treated Animals Killed by Accidental High Concentrations of Aerosol 


Item 


Animals 


Means 


Treated Control 


Lungs 
Hyperemia Old 6 3.59 1.68 1.91 +0.02 
Young 15 2.94 1.82 1,12 <+0.01 
Edema Old 6 3.59 0.92 2.67 <+0.01 
Young 15 2.70 0.74 1.96 <+0.01 
Hemorrhage Old 6 1,08 0.26 0.82 +0.06 
Young 15 1.03 0.13 0.90 <+0.01 
Infiltration by lymphocytes 
(a) Perivenous Young 15 0.47 1.26 —0.79 -0.01 
(6) Lymphatics Young 15 0.25 0.90 —0.65 —0.01 
Cellular exudation 
(a) Extent Old 6 2.67 1.53 1.14 +0.05 
(6) Type—Polymorphonuclear 
leukocytes Old 6 3.17 0.71 2.46 +0.02 
Young 15 1.33 0.24 1,09 +0.04 
(c) Macrophages Young 15 2.03 3.40 —1.37 —0.04 
(d) Lymphocytes Young 15 1.00 1.97 —0.97 —0. 
Fibrinous thrombi in alveolar walls Old 4 3.00 0.05 2.95 <+0.01 
Lymphocytic-hystiocytic foci 
(a) Number Young 15 0.28 0.78 —0.50 —0.02 
(6) Discreteness Young 15 0.35 0.86 —0.51 —0.02 
Major bronchi 
Desquamated cells Old 6 3.08 1.37 1.71 +0.01 
Young 15 2.70 1.06 1.64 <+0.01 
Mucus Young 14 1.61 2.42 —0.81 —0.01 
Minor bronchi 
Desquamated cells Old 5 2.90 1.16 1.74 03 
Young 14 2.82 0.68 2.14 <+0.01 
Trachea: Edema id 0.00 0.24 —0.24 —0.05 


4 
Avg. positive difference 1.73 


The mature animals subjected to sudden 
exposures of high concentrations died with 
hyperemic lungs. Small arteries and veins 
were filled, and there was focal congestion 
of the alveolar capillaries. An extensive 
exudate of fluid fairly rich in protein was 
present in the alveolar spaces, and a few 
ruptured capillaries were noted. Numerous 
foci of cellular infiltration appeared in the 
alveoli. The cells were predominantly poly- 
morphonuclear leukocytes, and many alveo- 
lar capillaries were occluded by small masses 
of fibrin. Many desquamated epithelial 
cells were present in the lumens of both 
major and minor bronchi, and the continuity 
of the epithelium was disrupted. The tunica 
propria of the trachea showed a questionable 
decrease in fluid content. 

The young animals, which succumbed to 
sudden high exposures, showed the same 
changes in more marked degree. A few 
items found in this group were not signifi- 
cant in the older animals. The lungs of 
the young animals were markedly edematous 
and hyperemic, with alveolar congestion and 
a few capillary hemorrhages. Cellular exu- 
dation, while not significantly more exten- 
sive than in controls, showed distinct 
qualitative changes—an increase in poly- 
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morphonuclears, and a decrease in macro- 
phages and lymphocytes. Desquamation of 
the bronchial epithelium with disruption of 
its architecture occurred as in the older 
animals. The major bronchi contained less 
mucus than those of controls. A decrease 
in the number of lymphocytes was noted in 
the lumens of intrapulmonary lymphatics, 
around the periphery of small veins, and 
around the small bronchi. Finally, there 
was a decrease in the number and discrete- 
ness of lymphocytic-histiocytic foci or 
nodules. 

Most of these items are mentioned by 
Treon et al.1* and by Amdur et al.* as be- 
ing associated with acute acid injury. Of 
special interest are the negative statistically 
significant differences. Presumably, the re- 
duction in the amount of mucus within the 
bronchial lumens reflects the damage to 
the epithelium which is evident. The dis- 
appearance of lymphocytes from various 
sites within the lung of young animals may 
be a manifestation of a “stress” situation as 
described by Dougherty. These changes 
are significantly associated with exposure 
to the medium aerosol as shown in Table 4 


and with exposure to the fine aerosol in 
Table 5. 
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TABLE 4.—Items Showing Statistically Significant Differences Between the Means 
for Control and All Treated Animals Which Were Killed by or Survived 
the Accidental High Concentrations of Aerosol 


Means, Aerosol Size Probability, Aerosol Size 


Lungs 
No. animals (old-young) 
(a) Hyperemia 


Edema 
(c) Hemorrhage 


(d) Fibrinous thrombi in alveolar walls 
(e) Lymphocytic-histiocytic foci 
Number 
Discreteness 
Discreteness 
Major bronchi 
(a) Desquamated cells 
(6) Mucus 
Minor bronchi 
(a) Desquamated cells 


Young 
Young 
Old 


Young 
Young 


Old 
Young 
(6) Cells around bronchi Old 
Larynx 
(a) Edema 
(6) Inflammatory cells 
(c) Mucus 
Bifurcation 
(a) Loss of contiguity of 
epithelium cells 


Old 
Young 
Young 


Old 
Young 
(6) Mucus Old ll 
Avg. positive difference between 

treated and control 


0.53 


Medium Small Large Medium Small 


oof 


33 833 


Bae 


cone 
ow 


cer 
RBS 


Avg. 0.38... 


Avg. 0.50_.._- 
.- Avg. 0.54_. 


1.10 0.79 


B. Effects of High Aerosol Concentra- 
tions: Fatalities Plus Survivors.—Table 4 
gives data for the guinea pigs killed by the 
accidental peak concentration plus those that 
these concentrations. Old 
animals and the size are 
considered separately. Practically the same 
items show significant differences in Tables 
3 and 4. In the lungs only “Infiltration by 
lymphocytes,” 


survived and 


young aerosol 


“Cellular exudation,” and 
“Desquamated cells in the major bronchi” 
of the old animals appear in Table 3 but not 
in Table 4. These items approach, but do 
not reach, the necessary statistical signifi- 
cance for inclusion in Table 4. In the upper 
respiratory tract the milder effects indicated 
in Table 4 are probably attributable to the 


differences in elapsed time between expo- 
sure to the aerosol and killing of the ani- 


The differences between control and 
treated animals are smaller in Table 4 than 
in Table 3, suggesting that the survivors 
had less severe lesions than those that were 
killed soon after exposure. It is of interest 
to note that nearly all the significant effects 
occurred in the animals which were sub- 
jected to the aerosol of medium size. Nei- 


mals. 
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ther the fine nor the coarse aerosol appears 
to be as toxic as the intermediate size. 

When the data were tabulated for the 
survivors alone without grouping the ani- 
mals according to aerosol size, only four 
significant differences were found; viz., in 
the old animals, increased mucus and spasm 
in the minor bronchi, and in the young 
animals, hemorrhage and “material stained 
as collagen.”” The last probably represents 
scarring after injury. These differences 
were all small (about 0.5 grade). It is 
evident that the survivors of the accidental 
high concentrations were nearly normal 
when killed. 

C. Effects of Long-Continued Low 
Aerosol Concentrations——Table 5 shows 
data for the animals which were not sub- 
jected to any accidental peak concentrations. 
The young animals exposed to medium- 
sized aerosols (about 0.94 in diameter) 
showed a number of significant differences 
from controls. The differences were similar 
in character to those of animals subjected 
to high concentrations, but were less in 
degree. Thus the “mean young animal” in 
medium aerosol presented the following 
picture: The lungs were slightly edematous 
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Old 1, +0.01 
Young 2 +0.02 
Old | +0.02 
Young l +0.01 +0.02 
Old 0 +0.05 
Young 0 +0.01 
Old 0. +0.02  +0.03 
0.25 0.31 —0.01 © 
0.38 0.40 —0.04 
0.83 0.46 —0.04 
1.70 2.31 +0.01 
2.62 1.81 —0.05 
1.62 2.30 +0.03 = 
1.75 2.54 +0.03 +0.01 +0.02 3 
0.13 0.14 — 0.05 BS, 
No. 
<—0.01 
8 —0.03 
—0.01 
1 —0.05 
—0.05 
= 
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TABLE 5.—Items Showing Statistically Significant Differences Between the Means 
of Control and Treated Animals, None of Which Were Exposed to the 
Accidental High Aerosol Concentrations 


Means, Aerosol Size 


Probability, Aerosol Size 


Lungs 
No. of animals 

Cells around minor bronchi 

Tracheal bifurcation 
ucus 

Loss of contiguity of epithelial cells 
Average positive difference, 

Treated Minus control 

Lungs 

Upper respiratory tract 


oe 
Seo 


Large Medium Small Control Large Medium Small 
Young Animals 
Lungs 
No. of Animals 15 ll 22 19 
Edema 1.07 1.77 1.14 0.74 +0.01 
Hemorrhage 0.57 0.59 0.23 0.13 +0.02 +0.02 
Infiltration of lymphatics by lymphocytes 0.35 me 0.50 0.90 —).04 
0.46 0.30 0.67 0.90 —0.05 —0.02 
Fibrinous thrombi in alveolar walls 0.20 0.09 0.02 0.03 +0.05 
Lymphocytic-histiocytic foci Number 0.53 0.46 0.42 0.78 —0.04 
Discreteness 0.55 0.68 0.49 0.86 —0.05 
Minor bronchi 
Desquamated cells 0.90 1.60 1.04 0.68 +0.01 
Cells around bronchi 0.30 0.09 0.03 0.45 —0.05 
Spasm 0.67 1.50 0.38 1.16 —0. 
Mucus 1.25 wel 0.31 1.47 —0.01 
Major bronchi 
Mucus 1.85 1.63 2.42 —0. 
Spasm 2.00 0.86 1.50 1 —0.04 
Larynx 
No. of animals 13 
Mucus 1.46 
Edema 1.00 
Tracheal bifurcation 
Edema 0.88 


14 10 
0.72 0.45 —0.02 
0.77 0.68 +0.02 
1.14 1.14 —0.02 
0.15 
0.10 


with filling of arteries and small veins and 
a few alveolar capillaries. A rare capillary 
hemorrhage was noted. Some increase in 
desquamated epithelial cells occurred in 
minor bronchi, but not in major bronchi, 
and the epithelium appeared intact. Some 
reduction of lymphocytes occurred in pul- 
monary lymphatics and at peribronchial 
sites. Major and minor bronchi showed a 
reduced amount of mucus and less spasm 
than controls. Spasm, as gauged from the 
contours of the bronchi in autopsy material, 
could reflect the ability of the bronchial 
musculature to react to the irritant action 
of the chloroform used to kill the animals. 

Young animals subjected to fine aerosol 
(about 0.6 in diameter) showed six nega- 
tive statistically significant differences when 
compared to a group of young controls. 
The number and discreteness of lympho- 
cytic-histocytic foci in the lungs were re- 
duced; mucus was decreased in the larynx, 
in the major bronchi, and in the minor 
bronchi, and there was less spasm of the 
minor bronchi than in controls. The changes 
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in the bronchial epithelium and musculature 
probably indicate functional effects of a 
degree too slight to be manifested by an- 
atomical changes. 

Young animals exposed to coarse aerosol 
(about 4 in diameter) showed slight edema 
of the larynx and of the trachea, and a 
decrease in mucus in the major bronchi. 

The lung parenchyma showed a rare cap- 
illary hemorrhage, an occasional fibrinous 
thrombus, and a decrease in lymphocytes 
in lymphatic channels. It is worth noting 
that these effects occurred principally in 
the upper respiratory tract where the coarse 
aerosol would be expected to be deposited. 
Of interest also is the fact that the changes 
in the lung parenchyma are of an acute 
nature. From the sparsity of these lesions 
and the apparent lack of changes to suggest 
any chronic process, it is possible that such 
lesions are completely resolved, those pres- 
ent representing the chance entry of a few 
coarse droplets into the lung shortly before 
the experiment was terminated. 
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TABLE 6.—Items Showing Positive Statistically Significant Differences Between the 
Means of the Animals and Treated Animals Not Subjected to Accidental 
igh Aerosol Concentration * 


Means, 
Particle Size 


Exp. 
No. 


Probability 


Max. Particle Size 
D 


Large 


Medium Small 


Control iff. 


Large Medium Small 


Old Animals 
No significant effect in any group 


Young Animals 


No. of animals 


Avg. aerosol cone. mg/m 
Edema 
Desquamated cells, major bronchi 
Desquamated cells, minor bronchi 


No. of animals 

Avg. aerosol conc. mg/m * 
Edema 
Hemorrhage 
Desquamated cells, minor bronchi 


cork 


No. of animals 

Avg. aerosol conc. mg/m * 
Hemorrhage 
Fibrinous thrombi in alveolar walls 
Desquamated cells, minor bronchi 


he 
99 
Bo BEBR a 


= 


eee- re: 
SB 


* The five experiments are separated into three groups. 


Tabulation of the results in old animals 
showed only three minor differences be- 
tween exposed and control animals. The 
medium aerosol produced a decrease in 
the lymphocytes around minor bronchi. The 
coarse aerosol caused an increase in mucus 
at the level of the tracheal bifurcation, and 
an apparent improvement in the preserva- 
tion of the mucus membrane—a finding 
very difficult to explain. Similar results are 
noted in the “tracheal bifurcation” item in 
Table 4, but in those results mucus tends 
to be reduced in the larynx and bronchi. 

In an effort to see whether or not the 
different concentrations of aerosol caused 
appreciably different results, the first and 
second experiments were analyzed together; 
likewise the third and fourth. The fifth 
was analyzed separately. Results are sum- 
marized in Table 6. 

In the first and second experiments a 
much higher concentration of fine aerosol 
was used—20 to 25 mg/m* as compared 
with 2 to 4 mg/m* in the other chambers. 

In spite of these high concentrations, the 
only significant positive differences of the 
means were found in the items of “edema” 
and “desquamated cells in the minor 
bronchi” of the young animals. None of 
these animals were killed by the aerosol, 
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which reached a maximum concentration 
of 64.5 mg/m* (Table 2) in the first ex- 
periment and 40.5 mg/m* in the second. 
Significant increases in edema and desqua- 
mated cells in both major and minor bronchi 
occurred with the use of medium-sized 
aerosol and at much lower concentrations 
than with the fine aerosol. Further, the 
medium aerosol caused effects ranging from 
1.2 to 1.9 grades, whereas the effects of 
fine aerosol ranged from 0.5 to 1.5 grades. 


In the third and fourth experiments, sig- 


nificant effects were observed only in young 
animals treated with medium-sized aerosol. 
Edema, hemorrhage, and cell desquamation 
in the minor bronchi were the factors in- 
volved and the effect ranged from 0.44 to 
0.76 grades. 


In the fifth experiment, the young ani- 
mals showed a slight positive response (0.07 
to 0.47 grades) to the coarser aerosol with 
respect to hemorrhage, fibrinous thrombi in 
the alveolar walls, and desquamated cells in 
the minor bronchi. These changes were so 
slight, however, that they have little patho- 
logical significance. A medium-sized aerosol 
was not used in this experiment. The re- 
duced effects in the successive experiments 
reflect the progressively reduced aerosol 
concentrations employed. Concentrations of 
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5 0 
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TABLE 7.—Summary of Exposures and Positive Histological Changes Listed in 
Tables 2 Through 6 


Aerosol Exposure 


Air Concentration, 
Aerosol Size 


Histological Change: Avg. Difference 
Treated Less Control, Aerosol Size 


Exposure to Accidental 
igh Concentration 


Duration, 
Days Large and 
Medium 


Reference 


Small Large Medium Small Total 


Me/m? 


d 
Killed and survivors 
None * 
None t¢ 
None 
None 
None 


110-310 Table 3 
Table 4 
Table 5 
Table 5 
Table 6 
Table 6 
Table 6 


* Lungs. 
+t Upper Respiratory Tract. 


1 to 2 mg/m* produced very slight effects 
in long exposures. This is clearly shown in 
Table 7, which lists the average differences 
between treated and control animals for all 
the items that showed significant positive 
changes together with the average expo- 
sures. Table 7 shows that the accidental 
high aerosol concentration produced the 
greatest anatomical effects. The medium- 
sized aerosol was more effective in produc- 
ing lesions in the lungs than the other sizes, 
whereas the coarse aerosol was most effec- 
tive in the upper respiratory tract. Evi- 
dently average concentrations up to about 
2 mg/m* can be tolerated for more than 
three months of continuous exposure with 
only slight effects on the animal. Higher 
concentrations produce greater effects. If 
the animal is not quickly killed by a very 
high concentration, it appears to recover 


rapidly. 


Comment 


Except for the accidental peak concentra- 
tions which caused fatalities, the exposures 
listed in Tables 2 and 7 were applied con- 
tinuously day and night for weeks to 
months. It is of interest to know how these 
concentrations, which produced relatively 
slight effects on the animals, compare with 
field concentrations reported in the litera- 
ture. Field data are very meager, particu- 
larly for urban atmospheres where possibly 
they would have most significance. 

Ellis® analyzed London air for sulfur 
dioxide by the iodine method and for total 
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acidity by absorption in hydrogen peroxide 
solution followed by titration of the acid. 
The difference between these values 
much greater in fog than during fog-free 
conditions. For example, on Feb. 4, 1929, 
when there was dense fog, the sulfur di- 
oxide was 0.53 ppm and the total titrable 
acidity (sulfur dioxide plus sulfuric acid) 
was equivalent to 1.15 ppm, making an 
apparent acid concentration of 0.62 ppm or 
2.5 mg/m* sulfuric acid. In clear weather 
the determinations were practically 
identical and less than 0.3-0.4 ppm, indi- 
cating the presence of little or no acid. 
Unfortunately, no acid values are available 
for the 1952 smog when the sulfur dioxide 
reached an average concentration of 1.34 
ppm during 48 hours. 


was 


two 


Thomas and 
Ivie * found that the sulfur compounds in 
the atmosphere were distributed as follows: 


In a rural smelter area, 


% to 9% acid aerosol, 3% to 18% neu- 
tralized sulfate, and 79% to 96% sulfur 
dioxide. Evidently, the acid values in the 
field were not greatly different from those 
in the stack, but some oxidation and neu- 
tralization of the sulfur dioxide had oc- 
curred in the atmosphere. 

Using the sulfuric acid aerosol analyzer, 
the maximum 30-minute concentration dur- 
ing a four-year period of continuous sam- 
pling was 0.4 mg/m*. Sulfur dioxide up to 
about 2 ppm was encountered at times. The 
average of the monthly maxima during this 
period was 0.12 mg/m*, while the average 
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concentration was 0.025 mg/m* omitting 
zero readings, or 0.0055 mg/m* including 
the zeros. 

Katz,® also working in a smelter area, 
compared total sulfur values by conduc- 
tivity calculated as sulfur dioxide, with 
sulfur dioxide by the iodine method. The 
latter made up 85% of the total on the 
average. If the remainder were about half 
acid and half neutralized sulfate, the results 
would be in essential agreement with those 
of Thomas and Ivie. The maximum ap- 
parent sulfuric acid value, by difference be- 
tween the conductivity and iodine methods 
found by Katz, was 0.40 ppm (1.6 mg/m*), 
or half this amount if it were half neutral- 
ized. This sample contained 1.2 ppm sulfur 
dioxide by iodine and it had been in the 
open atmosphere 3 to 4.5 hours. Another 
sample exposed for 12 hours had 0.6 ppm 
sulfur dioxide and 1.1 mg/m* apparent sul- 
furic acid. The average apparent acidity 
in 515 observations during 50 sampling 
was 0.36 mg/m* with 0.47 ppm 


periods 


sulfur dioxide as measured by the iodine 
method. 


There is urgent need for more acid aero- 
sol measurements in urban areas, particu- 
larly during periods of smog. In smelter 
areas, the rather extensive measurements 
already made suggest that the threshold 
limit of 1 mg/m* is rarely approached or 
exceeded even for short periods. The expo- 
sures reported by Thomas and Ivie and by 
Katz are insignificant compared with the 
mildest exposures listed in Table 7 that 
produced only slight effects in the lungs 
of the guinea pigs. 


Summary 

Guinea pigs were exposed to coarse, 
medium, and fine sulfuric acid aerosols in 
average concentrations up to 4 mg/m* for 
periods ranging from 18 to 140 days. Some 
treatments with the fine aerosol averaged 
26.5 and 21.2 mg/m* for 18 to 45 days. 
No guinea pigs were killed by these treat- 
ments, but four accidents occurred in which 
higher concentrations of aerosol caused the 
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death, within several hours, of 21 of the 
45 animals exposed. The animals that re- 
ceived the accidental high concentrations 
are treated separately. The tabulated results 
are based on microscope examination of 
sections from the respiratory tract of each 
animal and the appraisal of 45 histological 
alterations which, it was assumed, might 
be the result of experimental procedures. 
Statistically significant positive changes in- 
volving an increase in factor intensity were 
found in only eight items in the animals 
that received the accidental high concentra- 
tions: viz., hyperemia, edema, hemorrhage, 
extent of cellular exudation, predominance 
of polymorphonuclear leukocytes, fibrinous 
thrombi in alveolar walls, and excess of 
desquamated cells in the major and minor 
bronchi. Similar effects were observed with 
the low concentrations, but the magnitude 
of the effects was smaller. The medium- 
sized aerosol (about 0.9% in diameter) was 
the most active. Eight statistically signifi- 
cant negative changes were also observed. 
Evidence of irreversible damage to the 
lungs, such as fibrosis, was not significantly 
greater in the animals exposed to aerosols 
than in the control animals in spite of the 
long duration of the exposures. Published 
data on acid aerosol concentrations in the 
field are discussed in relation to those used 
in the present experiments. 

Rodney W. Walker made the statistical calcula- 
tions in this paper, and Lynn Brown assisted with 


the care of the animals and controlled the fumiga- 
tion treatments. 


Thomas). 
Gunn). 4756 


Stanford Research Institute (Dr. 
Latter-Day Hospital (Dr. 


Dewey Ave. (Dr. Critchlow). 
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Scientific Exhibits 


Your Ear and Nose 


ARAM GLORIG, M.D. 
D. E. WHEELER, Ph.D. 


and 


H. P. HOUSE, M.D. 
Los Angeles 


There are three importance factors of the noise problem that are of practical 
significance to industry. 


First, many employees have a hearing loss when they apply for a job. 

Second, there is indisputable evidence that long exposure to industrial noise 
will produce a significant hearing loss. 

Third, a hearing conservation program (noise control, personal protection, and 
hearing measurement) will prevent noise-induced hearing loss. 


Submitted for publication July 8, 1957. 


Research Center, Subcommittee on Noise in Industry, of the Committee on Conservation 
of Hearing of the American Academy of Ophthalmology and Otolaryngology. 
Shown as a scientific exhibit of the Section on Laryngology, Otology and Rhinology at 


the 106th Annual Meeting of the American Medical Association, New York, June 3-7, 1957. 
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HOW MUCH NOISE-INDUCED 
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— HOW DOES INDUSTRY PREVENT 
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Books 


Diagnosis and Treatment of Cardiovascular Disease. Volume I and II. Edited by Wil- 
liam D. Stroud and Morris W. Stroud. Price $35.00. Pp. 1702. F. A. Davis Company, 
1914-16 Cherry St., Philadelphia 3, 1957. 
These two volumes represent a complete review of cardiovascular disease at this time. 

The work is bound in loose-leaf form, a system that makes it possible to add future revisions 

and provides easier reading of otherwise cumbersome books. The index is arranged in such 

a fashion that quick and easy reference is possible. The classification of the various chapters 

is etiologic in nature, and treatment is discussed in each individual chapter. This arrangement 

is particularly useful to the physician who is not a cardiologist. 

Fifty-nine contributors have participated in this work, and both intentional and unintentional 
overlapping exist. Where this mechanism might be undesirable in a textbook, it serves a 
useful purpose in a reference book of this type in a field where many differences of opinion 
can be expected. It is particularly significant that the editors felt it necessary to include four 
separate chapters on blood pressure by five different authors. 

It does seem unfortunate, however, that despite the excellent work that is being done in 
many centers in the United States in studying the cardiac patient physiologically, the authors 
saw fit to include only nine pages in the chapter on Recent Advances in Rehabilitation of the 
Patient with Cardiovascular Disease. Although the problem is presented and discussed and 
although the bibliography is adequate, it leaves one wondering what is meant by “Recent 
Advances.” 


FRANK Princt, M.D. 


Announcement 


The American Board of Preventive Medicine, Inc., will hold an examination in Occupational 
Medicine on April 18-20, 1958. Final arrangements have not been made as to the exact place 
of the examination, but candidates will be notified in advance of the scheduled date. 

Applications must be in the hands of the Board by Jan. 30, 1958. They should be ad- 
dressed to Dr. Tom F. Whayne, Secretary-Treasurer, 3438 Walnut St., Philadelphia 4. 


a 

4 

: 

re 

| 


Cereal and Milk is 
Low in Dietary Fat 


Few foods at such low cost can bet- 
ter the nutritional composition of 
the cereal and milk serving and as 
shown below it is low in dietary fat. 
Thus it merits inclusion in low- 
fat diets. 


The cereal and milk serving is a 
good source of many nutrients and 
furnishes about 10 per cent of the 
daily needs of protein, important 
B vitamins, and essential minerals. 
Served with nonfat milk, the fat 
content is very low.* 


Nutritive Composition of Average Cereal Serving 
Cereal, 1 oz. 

Whole Milk,40z. Cereal** Whole Milk Sugar 

Sugar, 1 teaspoon 1 oz. 4 07. 1 teaspoon 
Calories..... 203 104 83 16 
Protein...... 7.3 gm. 3.1 gm. 4.2 gm. 
5.3 gm. 0.6 gm. 4.7 gm.* 
Carbohydrate 32.2 gm. 22 gm. 6.0 gm. 4.2 gm. 
Calcium...... 0.169 gm. 0.025 gm. 0.144 gm. 
1.5 mg. 1.4 mg. 0.1 mg. 
Vitamin A.... 195 1.U. 195 1.U. 
Thiamine.... 0.16mg. 0.12 mg. 0.04 mg. 
Riboflavin... 0.25 mg. 0.04 mg. 0.21 mg. 
Niacin....... 1.4 mg. 1.3 mg. 0.1 mg. 
Ascorbic Acid 1.5 mg. 1.5 mg. 
Cholesterol... 16.4 mg. 16.4 mg.* 

j 


*Nonfat (skim) milk, 4 oz., reduces the Fat value to 0.1 gm. and the Cholesterol value to 0.35 mg. 
**Based on composite average of breakfast cereals on dry weight basis. 


Bowes, A. deP., and Church, C. F.: Food Values of Portions Commonly Used. 8th ed. Philadelphia: A. deP. Bowes, 1956. 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956. 
Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957. 


CEREAL INSTITUTE, Inc. ¢ 135 South LaSalle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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HYDROCHLORIDE 


NASAL SPRAY 
0.5% 20cc. 


in the handy plastic squeeze bottle 


* Microspray tip 
* Won’t break or spill 
* Ready when patients need it 


PROLONGED DECONGESTION 


‘LABORATORIES 


| 
Neo-Synephrine (brand of phenylephrine), trademark 
reg. U.S. Pat. Off. 


